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This s the third in a periodic series of reports issued by the Metropolit&a Planning
Division, Federal Highway AdminiStration. .The three reportsiim this issue focus on two

distinct topics: analysis issues faced |n small/medium sized urban areas and cost :

analysis.

The first report discusses the analysis needs of small- and medium sire urban .areas |
as they attempt to meet the requirements of ISPEA ‘and the 1990 Clean Air Act

-Amendments. This report explains the rationale for new technicall capabilities andffien

esiplains how these new capabilities my : be developed. A number of <tdmics are.
discussed including ‘the following: multimodizl demand analysis, land. use, social and
environmental impacts, time-of-day analysis, and post processing for ‘speeds.

The second report describes the use of the Delphi process in projecting the, allocation
of growth in urban areas., . The report. is based on a case study of an applicaiion of
the. process in a small urban area in*Texas. This same process could be used in
other urban areas, however its application is most appropriate in urpan areas with’ a
populationm .of 200,000 or less. f

The third report provides assistance to those toyimg to evaluate transportation .

.alternatives, across modes by describing the process for performing a‘ least cost
. | analysis of investment alternatives. The method described is a tool for performing an

analysis from a societal point of view using a common measure (i.e. total cost) in an
attempt to account for the full c@&st of eadh alternative. This methodology is applicable
for several different categories ofdtaunamm imdluding both infrastructure development
and systems management solutions. ' ‘






. TRANSPORTATIONANALYSISSNEEDS :
‘FORSMALL AND MEDIUM SIZED BRBAN AREAS

Patrick DeCotla-Souza, AICP
Federdl HHiighway Administration

INTRODUCTION

Many small ‘urban are& ho not currently have four-step Itiawell demand’ models, and may not
need to develop full-blown four-step models. A good traffic monitoring program
supfilemented by manhial analysis techniques for demand analysis may. be all that is needed,

in many cases; or a simple demand modeling computer package, such as QRS 11, may be
adequate. This paper focuses on those areas which currently have four-step models or are
required to have them because of air quality. conformity requirements.

When travel models -were first * developed in the 195@, their pur@ose was to provide -a means
to evaluate major highway and transit investments and traaggsteitiovn System plans. Only
acrdgde level of accuracy of forecasts was necessary.. Today, howevet, these models are
being called upon to evaluate, in addition,, demand management policy impacts as well as

. pollutant emissions impacts. These uses require -a fimer level of accuracy as welll as .
sensitikiity to new variables which weremot incorporated into the models of most small and.
medium sized urban areas which currently have models.

The expansion of the role of travel models has resulted primarily from mandates imtihe

. Clean Air Act Amendments (CAAA) of 1990 and the Intermoda Surface Transportation
Efficiency Act (ISTEA) of 1991.. Conformity reguistions i ssued in -November 1993 pursuant
to the. CAAA thaue"spelled out certain “standards’ that travel models are required to meet.
for conformity analyses. Plamiing and Congestion Makgneiir regulations also issued’ in
the Fall of 1993 purkiant to the- ISTEA will require many (not ail) urban areas to develop

. enhanced modeling and technical analysis “capabilities to ‘address multimodal evaluation

. Issues, as well asissues relating to land use and defhand managenient and evaluatlon of:
social,. environmental and economic impacts of transportation alternatives.’

This paper dlscusses #the issues which impact analysis needs in small and medium sized

+ urban areas and explains the rationale for new technical capabiitiss. [t then discusses how
these new capabilities may be developed in. small and neetilam sized urban areas. Urban
areas which afe designated as nonattainment areas for ozone or carbon monoxide' in serious .
or above categories will need to devel op enhanced travel modeling capabilities by January
1, 1995. Transportation . Management * keas (TMAs) will also need to develop enhanced
capabilities for evaluating congestion management strategies. Urban areas which are not

TMAS or serious or above nonattainment areas will also need enhanced analysis capabilities
to address multimodal evaluation mandates in the ISTEA.



This paper” is organized as follows. First issues stemming from the ISTEA are discussed.
along with their implications for travef demand analysis :and impit estimation. Next, issues
stemming from the conformity rules are discussed along with appropriate responses from

small and medium-sized urban areas subject to the rule. The paper *camcludes with a
¢ suinnary of technical assistance and training available from FHWA to aséiSt urban areas in

developing appropriate analysis capabilities.

ISTEAISSUES = , l

There are no modeling requirements in the ISTEA or its related regulatibns. However, the
many requirements relating to evaluation have ' implications for the llevel of sophistication
‘of the travel demand forecasting process, while the requirements for public involvement
have implications for the level of transparency of te models to assure that the public can

understand how they work: Small and medium sized urban aas may néed to enhance the. . -

. level of sophistication of theit analysis procedures to address multimodal evaluation issues,
as well as land use, social; environmental, and ecotiomic issues which are emphasized ; ‘in the
ISTEA, while at the 3%\me time, assuring that thé new sophisticaesi procedur&s remain

: transparent |

‘ ¥ l
- Multimodal Demand Analysis

Multimodal, intermoda and cross-modal evaluation e emphasized throughost the ISTEA.
The Act seeks to develop the most “efficient” mix of moda investments compatible with
- social, environmental and ecotiomic goals, and to reduce dependence on single-occupant
:wehjele (SOV) travel. Thus, measures of &agpottation System perform&e and. levels of
s&nvize, hitherto geared primarily towards highway travel in small and medium sized urban
areas, will have od reflect all, modes. ‘
\
Does this mean that travel demand modeis will also have to reflect all modes -- incl ud| ng -
transit, hicycle and pedestrian, which have usually been excluded from the models? ‘Not
necesiarily. The answer depends on how signifiiant a role these modes are antiiciipaed to
have in future transportation systems. Even if a significant role is anticipated, there will be
options relating to how these modes will be incorporated 10 the four-step procegs. For:
* example, trip generation could be Biase by mode; or alternatlvely person trips by al. modes -
could be genereited, and then split into separate modes in the ‘mode split step.

If person trips are generated dting trip generation, possible ways to address' this gssue are:
1. Use J'aff-model” software, 1.e; s& ware outside the four-step modél, such as FHWA’s
TDM software (1), to obtain changes in base mode shares due teh specific pricing or

trangit strategies. JFor example, FHWA's TDM software accepts ‘as tapul trip tables
from commercial demand modeling packages, and outputs - modifEegI;trip tables for
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Hiput into trip assignment. The . TDM model uses a logit-based pivot point
procedure. ; ‘

2. ..Borrow a mode choice model from, a similar urban area and validate it. The
L NCHRP ' Report No. 187 update (2) will include “s@ndard” mode! ‘coefficients for in- i
Vihicle time, out-of-vehicle time afid cost which may be. used in small and medium
size urban areas after validation. However, considerable effort would be needed to

develop new transit networks to estimate the time and cost inputs. '

3. Use sketch planning procedures.

A recent publicatitin of the Washington Metropolitan Council of Governments (8, which
will be distributed by FHWA,, presents examples of application of off-model software, mode
choice modeling,. and sketch planning techniques to analyze the travel behavior’ impacts of -
various types of multimodal strategies. ' FHWA is also developing an Advanced

Transportation Systems Analysis course to address issues relating to demand analysis for
multimodal systems. : i

l i
.Land U se

Consistency between land ‘use and transpottation plans: is required under the, ISTEA. The
most sophisticated way to address the issue is to develop and calibrate linked transportation-’
land use models, such as DRAM/EMIPAL, ITLUP, MEPLAN and POLIS. These models
| forecast “the likely location of future employment and population growth based on changes .
, In accessibility as *well as other zonal attributes sich as available vacant land and zoning.
However, significant .effott is needed- to collect d&a and calibrate such models, and their,
predictive abilities ' are questionable. ~ Therefore, such . models would generallly be

mapproprlate for small and medium sized urban areas..

Small and medium sized urban areas may use smpler approaches to address this issue. For
example, they may simply compare changesin district-level accessibility indices with growth
faredss, to ensure that districts with relatively large increases in accessibility have been
allocated a larger share of future regional residential ar employmént growth. A fairly
‘simple way to check wihether zonal employment grondh estimates are reasonable is ‘to run
the gravity model for one iteration (instead oftihe three iterations normally specified), and
review the comparison Of trips attracted to input trip attractions.. For zones with too large
an imbalance, the imbdiance may indicate’ that employment projections (and devel opment . .
forecasts) need adjustment.

One issug relating to land sk is the contention that if urban &as are to reduce
dependence on SOV travel and encourage alternative modes, the key to the successful
achievement of. such goals will be compatible development patterns. The implication for
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travel demand models is ' clear. The model. forecasts will need . to be ‘samsitive to -
development patterns such as dmslty, pedestrian and bicycle friendliness, and land use mix. ’
This will pose a challenge to small and niedium size urban areas, because except for studies
.in a few urban areas, S&h as Portland’'s LUTRAR study (4);, such models have not been
used in the US. If major changes. im futuee land use patterns are proposed for evaluation
i small and medium sized areas, iip gerieration rates will need to be- reviewed and
adjusted, at least to refledt density impacts.

OCl E Impacts

The ISTEA. encourages use of transportation policies to help achieve social goals. A maj or
target group, identified on page 1 of the ISTEA, is the economically disadvantaged. Thi
group has been locked out of access to new jobs which have been primarily «reated in atito-
dependent subitbs in the last two decades. There is, a debate as to whether this problem
should be addressed simply by providing more transportation services from central pans. of
urban areas (where the majority of this- group live) to the suburbs; or whether transportation ‘
and other public policies should be used to’ encourage shlft of jOb gm@ to central cities
and inner suburbs.

There are implications for travel demand and land use modeling | procedures.- Models may
need | to provide measures of accessibility to jobs and other social services for such groups.

Histoticallly,, the d& nominator of the gravity mode! has * fiseguently served as' an index of
accessibility of individual zones. A 1972 report by FHWA (5) discusses the use .of this
criterttos  as an evaluation measure and provides examples.

Analysis procedures may also -need to consider. the impact of transportation investments on
- g continuing flight of jobs to the suburbs and further decline’ of central cities. This will
not be easy, since job location patterns depend on many more factors than just’
transportation.  Far example Leiriberger (6) suggests that Seads moved its heatlguitens
from’ downtown Chicago ‘to the outer suburbs to get away from what it perceived as. aless
productive central city labor’ force. Such problems cannot be solved solely | thfdugh -
transportation policies, butt transportation *policies and their potential contribution must be
included i the comprehensive planning process to address such issues. - FHWA has
therefore initiated a -major research program to demonstrate transportation’s role in '
addwsssing the issue of access to jobs for the economically disadvantaged, and’ technical
assistance and training related to this issue will follow.

Other social impacts, for example impacts on neighborhood cohesion, aesthetlcs sense of
. place, -livability and quality ‘of life are not easily .derived from ' travel model outputs.

Qualitative assessments of these impactsisall that may be.expected in small and medium
sized urban. areas. ‘



[Environmental Impacts

The ISTEA mandates the @ssessment- of both Tddiect and indirect” impaCts of transportation
investments. The issue ‘arises from the increasing concern about the external @ivironmeniall

~costs of highways and vehicle use. Many indirect costs such as air, noise, water and iand
pollution costs, or loss of matural ‘or historical resources; are hot borne. by vehicle users.
Jheettain future impacts, such as climate change, are also a concern.

These issues imply that environmental considerations must be included early in the planning

" . process, before and dumg development of transportation alternatives;. and not “after the
“lines are drawn on paper” or after transportation solutions are “cast in concrete”, simply. to
consider mitigation gf negative impacts of pre-selieetesli alternatives .

To allow ' the computation of many types of- environmental impacts, travel analysis
proceditiees . will need to be enhanced to provide more accurate speed estimates. Models used

. in met small and medium sized urban areas have been calibrated to provide good estimates
of traffic volumes, but not vehicle speeds. Accurate speeds are needed to estiwhte '
emissions, energy use, and other environmental consequences of aternative transportation
plans, -programs and projects. FHWA has developed ,a new course entitled “Estimating the
Impacts of Transportation Alternatives” which will provide the tools needed by urban areas
to perform “sketch planning” type impact analysis for regional system studies’ as’ well as
corridor or subarea studies. :

f

Economic Imp

The ISTEA’s theme of; “eff|C|ency” is reflected throughout the 1egislat1m (The, "E" in

- ISTEA stands for Efficient)y). The concern is that the U. S. cannot maintain competitiveness
in an international marketplace if its transportation ' system is inefficient; therefore
inefficiencies such & congestion and inefficient use of limited road space during peak trayel
‘beRas should be addreﬁed In transportation piis and programs. :

Tmr@omnmn Management Areas (TMAs)) & Jwell as ‘smaller urban aresss which pI’OJeCt
congestion ‘in the fnree due to limitations of available funding to provide additional peak -
period capacity. will need to;, consider. congestion management | strategies. . . This means that
they will have to upgrade their analysis procedures (either four-step, off-model or sketch
planning procedures) .to:provikie the capability to forecast the impacts of strategies such 8s |
congestion pricing, parking pri¢ing, TN and TSM strategles and land use strategies

designed to méke travel more efficient. ‘

FHWA is attempting to develop the types of teels and training programs that il be needed
to address these concerns.., For example, FHWA’s forthcoming course “Advanced

Tippdatrom Systems Analysis’ will provide training in development of forecasting tools,
while the new course “Estimating the Impacts of Transportation Alternatives’ will provide g
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the tools which urban areas will need to evaluate the costs, benefits, and ecomunigc efficiency
fopacts of such strategies. Another new FHWA course “Congestion Manasement fdr
Technical Staff" provides tools to evaluate and monitor the ﬁ‘npaets of *congestion
~ management strategies: '
)
The ISTEA aso calls for evaluation of economic development impacts. Since econoemid
development depends on Hiany factors other than transportstion, such iimipacts Will be
difficult to estimate at a localized level: Regional economic impact analysis procedures such
. as ‘imput-cutput modils are too complex for most small and medium sized urban areas.
Qua“tatlvgﬁi@ assessmichts Of the relaftive differeinss in economlc impticts of alternatives
should .

SOV ___ Ré&stiiitions

In urban areas .which are in non-attainment status for air quality,. the ISTEA imposes
restrictions on the provision 8% new highway capacity which may be used by SOVs. Such
new capacity may not be built unless it comes from a Congestion Management System,
“under which a host of management strategies will need to be considered.

This implies &hat the tfedl demand analysis ﬂfmdai@s in non-attainment areas will need
to be capable .'of evaluating land tise, TDM, TSM and pricing strategies. . Ks discussed
earlier undee “Multimodal Demand Analysis’, the four-step process -or off-model procedutes
may be used fier such analysis.

CONFORMITY ISSUES

In serious and above nonaﬂa'mﬁt'areas, the conformity rules either require or “*encourage”

. many model features. that are not currently employed in the forecasting processes of most
eraII or medium sizefl urban areas. Theee famres # discussed in the feli6wing
subsections. ,

. i
Trip Generation ,

Sensitivity of trip attraction and production rates .to measures of zonal accessibility is
“strongly encouraged” by ‘the. rules. *This issue most likely stems frdm the contention that
congestion will have a dampening effect on trip making -- therefore a “ho-build scenario.
should have less trips (and emissions) than current models predict, while *buiid™’ scenaiiss
should have more. :

One “*sophisticated” way to achieve %nsitivity of household trip production tates to
accessibility isto develop regression models based’ on zonal accessibility for each cell of the
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ttip production crm&clmsfiction matrix. Developing such relationships = will involve
" excessive new data collection and model calibration. In small and medium sized urban
aress, a simpler approach could be used. .. . = example, trip rates could be ‘developed
separately by urban dimSity category or by location (i.e. central é‘ity subuntb, and rural frimge)
as a surrogate for zonal accessibility. ' If severe congestion is forecasted, a quantitative
assessment of myhnpmdontnpratsmay be needed.

Trio Distribution *

. The conformity rules require travel_times, used in trip disyintiion . to be consistent with

travel times resulting from trip assgnment Congestion, it isbetieved, will cause’ trips. to be
sent to closer destimatiots.  Thus, in a“no-build” scenario, travel distances (and therefore
'VMT) will be less than in a “ build” scenario. Iniplementing this feature in the forecasting
process will pose two main questlons :

1. How should congested travel times, which ocaur mai nIy during peak periods, be ued
to distribute daily trips — the majority of which actually occur in off-pesk periods?

2. Travel times output by traffic assignment are not true travel times,. but actually
“impedances which are based on speed inputs adjusted during model. calibration . to
obtain a better match of assigned volumes to counts; Should these “inpkdances™ be
compared with travel times used. in trip distribution? . . Or weuld it be more
appropriate to first calculate “true” congested travel times based on speed-volume
tedationships and the assigned vehicle volumes? ‘

Clearly the questions raised above. will need to be resolved before urban tieas venture. to
: {niglement the tequirement for travel time consistency between trip distribution inputs and
traffic assignment outputs. FHWA is currently undertaking research to develop appropriate

tedhniques.

- The conformity rule also requires sengitivity of the trip distribution model to pricing under *

. certain Ghintitions. . A sifyple way to introduce such sensitivity would be to add thetime -
equivalent of tellls and parking charges (with value of time based on some percentage of 19
~ average wage rates) to the travel time matrix used. as input into trip distribution. Note that
recalibration of ffdtion fass would be-needed, as well as data on average parki ng. costs

, by zone. In ufban adks where parking pricing or road pricing strategies will be considered,

the exma effort mzy be justified. |

Mode Solit

The conformity rule (suggests that mode split models should be sensitive to pricing and
. trangit travel times, ‘where significant teddit ‘ or pricing strategies are anticipated.  1n many
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small and medium sized urban areas, this will pose a problem, . since trips are either
* generated as vehicle trips so that. a mode *split step is not neied, or person trips generated

during trip generation are split by mode in the mode ‘split step using base year percentages,
, and auto person trips &e convertied to vehicle trips using base jyesr auto occupancies.

To ‘afidress this issue, mode split models could be upgraded either based on a mede choice
model borrowed from another urban area or from the NCHRP Repairt No. 187 update (2),
or using “off-model" procedures as discussed eatlier under the section “Multimodal Demahd

Analysis”. Of course, person trips @ill need to be generated during trip generation.

. Traftic Awgment

. The conformity rule requires that input fkee flow speeds be based on empirneall observations..
The contention is that many urban tireas use posted speeds as inputs instead of observed -
free flow speeds. They therefore often underestimate these. speeds since speed limits *are
often exceeded by motorists.. Lower speeds will tend to underestimate NOx emissions, and
on high speed facilities, HC and CO emissions as well.

Addressing this conformity requirement appears Simple. It appears that ‘all that is required
IS to recode the network speeds to match sampled. observed free flow speeds on .vatious
facility classes. However) such recoding could result 4n major shifts in assigned, traffic

-volufhes so that they no longer match gethind counts. This iS because free flow speed ‘inputs
are often adjusted by modelers during model calibtation sSsimply to. get a. better . match of
assigned volumes to ground counts. In other words, free flow speeds usatlag input in many
assignment models are not meant to be accurate speeds but -enly calibrated "impedance”
parameters. : ,

Perhaps asimple way to address this- issue is through post-processing. of assigned traffic
'volumes usi ng “accurate” speed-volume relationships . -to get better speed estimates.  Post
. pocessiing iS' discussed ina later se&ion. _

Time-of: -0D) Angliiis

: The conformity rule requires models to provide peak. and off peak travel demand and travel
time estimates.  There *appear to be three relevant impacts of T-O-D analysis. First.,
emissions models predict higher emissions at the low and the high ends of the speed range;
therefore sep8ratte . peak and off peak speeds should generate higher modeled emissions than

. a composite peak/off-peak speed. Second, a “no-build” scenario might show |ess congestion

and emissions if the time-of-day analysis procedure incorporates peak spreading effects. In

other words, under a “no-build” scenario for which peak spreading is modeled, estimated
peak speeds may not be as low, and high -afffjpeak Sspeeds imay be modesieed, reducing
relative emissions. A third reason, for time-of-day anaysis arises -from the need to
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adequately mode! shifts in xime of travel that coild result from pricing strategies.

... .. the time-of-day analysis requirement Will not be easy, if congestion and pricing
. influences’ are to be considered. The range of optioms is as follows: .

1.  Continue the current practice in most urban areas of using fiked T-O-D factors by
link category which convert daily traffic volumes to peak period or off-peak volumes,
with no attempt to, dampen- peaks to account for higher levels of congestion or tiew
pricing policies. This technlque may be appropriate if forecasted increases in
congestion are not large. .

L2 Use the above procedure, bt vary factors to account for congestion levels andjor
. pricing. Account for peak spreading due to congestion using relationships of the-
distribution of hourly’ traffic percentages to MADIAT ratios-(13). This technique
. may be appropriate if forecasted increases in congestion are large. .

3. . Perform time-ofday splitsin earlier steps of the four-step process, as is currently
done in a few large urban areas. Using observed tifhedof-day splits from home
interview surveys, dailjytrips maybe split into A.M.,PN¥. and ofé-peak trips either:
(8) prior to trip distribution (i.e. daily trip ends are split); (b) prior to mode choice

‘(Le. person *trip -tables are split; or (€) prior to traffic assgnment. (i.e. vehicle trip’
tables are’ split.) To vaidate the assigned volumes, traftic counts by time-of-day are .
needed. Also, since factors used *are devellygied from base year data, they may not

reflect changesin time of tf&edl in the future as a result of congestion. Dueto its:
complexity and its data requirements (both travel survey and count data by time-of- |

day), this type of procedure is probably not practical in most small and medium SIzed
urban areas.

4, Use the procedures discussed *in item 3, but instead of using fixed ‘splits based on
base-year survey data, develop procedures. to adjust these splits based on congestion
levels and’ peak vs. off-peak’ monetary Costs. Greig Harvey’'s TRIPS model (7) can
accomplish such splits by time-of-day, but it does not inélude an assignment :

| procedure, and must be used in conjunction with a network model. for assignment.
The Montgomery County National Park and Planning Commission lias also
developed some complex procedures to model depaimure time choice (8):. Such-.
procedures are far too diffieult for small and medium sized urban ama to

The conformity rules require estimates of traffic speeds and delays to be based on estimates.
of traffic valkines on network links. It appears that the COMMON practice of averaging'.

speeds. by functional class will not be acceptable, probably becauseﬁm*age Speeds tend to
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be in the miditle of the speed range where emission factors are lowest and not usually wery
sensitive to small differences in speed. . This requirement will need to be addressed ty post:
processing of link traffic volumes after assignment. There an tmeny .optins’ to accomplish .

Perhaps the Simplest method to obtain peak and off-peak link speeds is to use relationships '
of daily traffic volumes over hourly capacity (AADT/C ratios) to speed -- both average daily
speed as well as speed by hour of the day. Relationships of AADT/C ratios to average
daily speeds have. been developed by Margiotta et al . for FHWA Q). The study . also
generated tables of houtly speeds for ADTIC ratios rahging between 4 and 16 for freeways
and arterials, ‘based on a T-O-D distribution of traffic that did not vary with ADTIC
(unpublished . data, from Margiotta).  In a continuing phase of \the . study, FHWA will
develop hourly speed tables based on T-O-D distributions that vary by time of day. This Will
i alow development of weighted average speeds for both peak and off- peak perlods

More sophisticated approaches use Highway Capacity I\/Ianual (HCM)} procedures with
default input parameters (e.g. signal cycle lengths) by functional class. The EPA guidance

(#0) and Houston Galveston Area Council’s procedures (11) are good examples. n
intermediate level of detail uses relationships of V/C ratids to highway level of service
(LOS) and LOS toy speed from |ook-up tabl&(L) | N

land Use -

The catiformity rules require that land use forecasts be consistent with future transportation
- systems. It is contended that expanded highway systems increase accessibility of
undeveloped -ateas on the fringes of. metropolitan areas, promoting sprawl. development* .
patterns and greater dependence’ on automobiles, “nosiuild™ scenarios, with their congestion
levels and reduced accessibility to fringe areas., promote’ “mare compact development
' patterns with redipesad reliance on automobiles,  Such differences in devel opment pattesmns,
it is believed, should be reflected in the land us& iinputs to the travel demand models for
alternative transportation . System scenarios.  Procedures to determine - whether any:
- adjustments may be needed’ to land use inpuits have been discussed earller under the “ILand
Use” section relati ng to ISTEA issues. ,

FHWATFRAINEING COBRSES

FHWA is attempting to play a leadership role in addiressing the' various issues raised by
ISTEA and the CAMA. New traning courses fre being d&eloped, and some are aready .

" available. This section provides a description, as of the' date of the Conference, of the .
various courses sponsored by FHWA’s National Highway Institue (NHI) to assist urban
areas in developing their technical anaIySIs capabilities. to address issues stemmiisgg from the
ISTEA and the CAAA.
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_ Course N& 15259: Conqstlon Management for Technical Staff
Contact: Douglas ‘laird (202) 366¢5972 .

.. This three day course provides pitiiijpants with an in-depth examination of the elements
requlred to successfolly develop, implement, and operate a congestion mamgement system
(CMS). Subjects will include: modes a n d  networks to monitor, the development of
performance measutes, establishment of a data collection and performance monitoring plan,
identification and evaluation of CMS strategies, linking performance measures to CMS
strategies, snmnmitoring sirategy effectiveness, ‘meationship to other management systems, and
documentation of the CMS. . The course is designed for staff responsible for CMS

. implementation and operation.

. 15265: Womrhmib oh Transportation-Air Quality ‘Analysis.
Contact: Jerry Everett (202) 366-4079 . 8

This two-day course emphaSzs state-of-the-art practices fordeveloping travel- related. data
for mobile source’ emissions inventories, analyzing transportation : improvement programs and
plans for conformity to seate implementation plans (SIPs), forecasting and t#aakifg vehicle
miles of travel (WMT), and evaluating transportation control measures (TCMs). Additional
topics include procedures for analyzing accessibility changes' using the four-step* travel
demand forecasting (TDF) process, emission factor models, and travel demand forecasting*
and amission factor model | interactions. These procedures will be' demonstrated through
‘manual workshops. An understanding of the travel demand forecasting process wiwuld be
helpful for those taking this course.

- 15257: Estimating the |mpacts of Transportation Alternatives (Available Fall 1994)
Contact: Patrick DeCorla-Souza . (202) 366-4076

This three day course will provide guidance on estimating costs beneflts and impacts .-for
evauation of highway and mass transit altepnatives at the system level, as well 4s for. .
" screening ‘dternatives. at the ‘corridor/subarea and project levels. Toplcsto be covered
include estimation of-public &nd private costs;’ air pollutant emissions and concenmtiirinss;
_energy. consumption; sefety/sesanity, . economic development, equity and other socia and
environmental . impacts; and techniques for cost-benefit and - cost-effectiveness analysis.
+ Software for estimating impacts will'be introduced. through hands-on workshops. *

15260: Advanced Travel Demand Forecasti ng
(Available Spring 1995)

. Contact: Patrick DeCorla-Souza (202) 366-4076 - D
This three-day course will emphasize advanced practices for system level modeling and

analysis of travel demand mianagement (TDM) and transportation control neecdsires (TCMS).
It will include state-of-the-art procedures for land .use forseastsg, travel derdand modeling
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bsing the four-step. process, and estimatiom of TDMY/TCW travil impacts. ' Procedures will
be demonsttiiiedi through hands-on computer workshotjs. & understanding’ of the travei
demand fdrecasting process is a prerequisite : for this course. ,

. 15263: Intermodal & Public TransDortation Mariacemeni: Systerns foF T&lln&oall statf (Listed
as: “Management Systems for Teatinical - Staff” in the NHI Catside)
Contact: Dane Ismart (202) 366-4071

This three-day. colivse covers in detail the technical guidelines and requirements for the
State development, establishment, and implementation of the intermodal management
system (IMS)) and {the public Whtangportativh facilities.. and equipment management system
(PTMIS). * Discussion on the relationships. and integration with the other management .

systems, especially the ‘ congestion management system, will be included. Emphasi will be
onunderstanding the basis for the IMS and PTMS, performance measures and data needed
to assess. strategies, and methods to sauseesfullly design, implement, and administer the IMS

" and PTMS. e

CONCLUSIONS

Most small and medium sized urban areas will need to enhance their technical analysis
capabilities to respond to ISTEA. -Serious and above non-attainment areas will need to
address specific modeliag requirements in the conformity rules. FHWA is regpénidiag to
these. needs by ‘providingtechnical assistance and training through existing and new MHI
aftress on Congestion Management, Impact Estimation, Advanced Transpottation Systems
Analysis, Transportation& Air Quality Analysis and. Intermodal ‘and Publlc Transportation
Management Sysiefs. |

v
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\ - ABSTRAGT

As'part of a project fumigd by the Tekas Department of Transport&n (TXDOT) to
examine methods of improving tramsputeitas plenriing technicues, the néefl to decrease the
burden on the planning staff in smaller urban @reas (populations less than mm) was
addressed. In many case& these ‘smaller areas may ot hae ‘tHecffianciall or petsomel
resources to determine growth usitf§ the' traditional models or methods. An
technique (the Delphi process) was modified to establish a procedure fot” dlloraitiig
projected growtE at the-zone level. A qualitative measure of each zone's growth poteatial
relative to the other zones in the aredvasecssalibiidied and used to alocate the projections
of population and employment. The Delphi process can provide good results in a short time
krame, which provides the benefit of aketisrtting the overall planning process. The Delphi
pfows IS based on an iterative proeess. A panel of Iocal expeets and involved C|t|zens
participated in the process to reach @ cunSeasus. :

A pilot project was tomthctied in the hoggvisw, Téss, area in the summer of 1992
to de the ability of the Delphi process to alocate future growth. The pilot project
employed a three-tiered proesss in allScafing the #re@’s projected population ad
employment growth (for the year 2015) to 219 traftic analysis zones. Benefits of the Delphi
process indude reduced costs to the MPO in bo@&ime and money; sodd,&d]itﬁal, and
legal advaitages of tesiSg the allocations 6n a panel ansenmis; and the advaniagss of -
lmredixting members of local agencies and committees during the allocation process. Support
. sofvdare and a user's menual afe emarangly under development for TXDOT.

DISCLAIMER

The contents of this report reflect the views of the authors who aﬂe respons bIe for
the opinions&indines, &md conclusions presented hereif. The. contents d6 not necessarlly
reflett the officia views or poli¢ias lof the- Federal Highway Administration or’ the Texas
Department of Transpentettivn. This report does not constitute a standand, specification, or, .
: regul ation. AdditimaiBly; 34 report is not intended for construction, bidtiing, 6r permit
. purpSes. George B. Dresser, FaD., was the Principal |nvestigator for the project. . H

. IMPIEMENTATION STATEMING
The process' presented in this report is intended for use by Stan areas with
populations of 200,000 persons or less. It is designed to.be conducted by the MPO or city
staff and to reqitire little or: no asi@me from outside agencies. Software and a users
guide are cutrentily under development as a portion of Project 2-10:90-1235 fuded by the

Texas Department of Transportation (TRDOT). The software will run independent of other
programs and will be designed with minimal computer hardware requirements.
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* INTRODUCTION

The allocation of future graiwg® is one of theinitial &nd most’ important steps in

" developing the input data for trip ggee&tion models. The allocation of population &4
employment growth has a direct impact o teavel demand modeling. ‘These sl
; allocatlons also infllienca future Iand use plans, flsture infrstencinite |mprovements and eisy.
‘ zomkg OfdirariceS. It is important, therefore, thaii sy method of allolcatmg fistnre gfo&ﬂh
shotild reflect the area’ s growth potentia as accurately s pu:dime
{ i

" PROPOSED GROWTH ALLOCATION PROCEDURE

In an astempt to decrease the tmrden on the planning staff in endier urban areas-

which may not hafe the iancial or personnel resources to alloeaiegrosith usinoiradldSoal
models or methods, an eXiai ng techniyes;thie. Delphi grodess, was ‘modified to provide a

qualitative measute of -an area' s potential’ for growth at the ttme level. A qualitative’

. measure of eadh zone's growth potentlal was established relatlve to the other zones in the

area af@ used to allocate pridjectiivis. The allocation of growth. & preéicired on the
characwenistiiy of. zones which- give them a greater or lesser potential for. growth,
+ Additionally, the Delphi process can provide good results in a shorg. tinie frame which
rpplmdes the benefit 6 agiseniting the overall planning pragess. The Delphi progess cam
bemade availably to cities and metropolitan ;iammg angyaizaBels (MPOs) by the Texas
. Depprosen; of Transpoteitish (TKDJT) in the forfa of a package consisting of self-

' contained software and @ user's manual. : ‘

DELPHI m ANOVERHAEW

The Deiphi inqgyifey techniques were origi naIIy developed during the mid- to Jate
1980t by a of researchers at the RAND Corporation Their objective was to dissigm

a set ‘of t&dmm whieh could solicit and collae the ogimions of a.goup of individuals,
tesulting in the most reliable amnsensus possitie. The basic characteristics of these

techniiquas were anomynity of the, panel members, statistical obsavitinas of the responses
given by the panel membets, and controlled. feedback to.the panel. THeda chardch8ribiiss

1 '
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‘are incol'porawn into an iterative process which permits and encoutages the reassessment
of previous responses. One of the great&t advantages of the Delphi techniques is that they
pioile a meam -of ‘retaining the more dedimltile features of committee meetings while
avoiding some of the characteristic bebatioral and administrative praiBbieds associated with
committees.

The decision to use the Delphi process was based ba these fedtires and on the
flaibility of the process;,” The Delphi process o be tailored td fit dmost’ any set of
Feumswaaess. It has besi used in modified forms for mény different applicatioas fram Sei
Grantgspliyy decisions in Michigan in the early 197®s to. evaluating future Idphwyy projects
in New Mexico in 1989. While the primary goal of the fiPeass is to achieve a Consensus,
it can also Beued to iddetify i ssues whiekh may have conflieting wewpomtsﬁtﬂ canadin

reachihg compo@ises on those issusf



PILOT PROJECT: LONGYEW

In order to more thoroughly examine the pphldaibilityy of the Delphi process to
allocating future growth, a pilot project was conducted in the Longview area The objective .
of this pilot project was to allocate the areks projected population and empl oyméht grewth
for the year 2015 to the traffic amali&® zone level. There were thege basic stages to the
pilot project: preparation for the DelpEi process, adntinfstaition of the Del@i proces, ad

. evahmtion of the results. Figure 1 illustrates the flow of the awerall Delphi process.

Select Panel

, mmmw/m

Figure 1. Flowchart of overall Delphi process procedure.




DELBHIPPFROCESFRRERERATION : r
Reparation for the process can be broken down into four major categories: sekng
panel members, ma@ traffic analysis zombs, .preparing infindnaltion packes, &nd
scheduling meeting times and la&dns. The preparation for ttie Delphi process was a joint
effort between the Loagview city plannet and transportation planner (hereafter referred to

as the Longview staff) and the Texas Traspathation | nstitute (TTTI).

Panel Seletion : :
The panel selection was the responsili]ity of the Lungmew staff. Recommendations.
repading panel size and background were made to the Loogriaw staff. A target panel size
. 30 themb8rs wasasalblisied with the desired panel being a nmdiiciistiplinary collection.
of individuals fimiliar With the-. Longview area.  The following disciplines were .
re;ommended to the Lpngview staff asaguideline for seleeting the panel * members:

+ Engineers . : »

o Pl&mmenss.

 Elected offiiidls

« School officials ' ,
 MPOnmbdiiees — -

¢ Red edtate b[pkers

+ Bankers

- Employers (besie, retaﬁl, and sefviee) -
+ Developers (commercidl and residential)

The Longview staffinsxd several sources in creating a list of potential panelists. The
resaitihg |ist was compiled based on recommendations from the director of planning and
operation, the city planner, and the tranppaifiz . Members of the Strategic
Planing Economic Dekéiypugiit Committee, Planning and Z<pn| ng Commission, ax the
local Economic Development Study Connmiithee- werre invited. to participate on the panel,
Alist of citizens who had expressed mtereﬁ and willlirgness toam on these and various

l' AN
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ather committees, but wie had not tisen’ selected, was obtaiinied from the Longview pliBlic
information director. From this list, persons with the reconmngnsizi backgrounds were
, contacted and ‘ivifed to, participate on the pémll. In addition to these sources,

representatives fromthelocal school districts, county commissionets, two farther city couneil
members, a water utility employee, and several local builders and engineers were askedd to
pktﬁngﬂm -A personal phone call was made to each of the potential paneliists by the’
Loggviaw staff to briefly explain the process and the. expected time tvolved and to invite
thene to- participate. &bamt 40 percent of those contacted d&lined to serve due to
conflicti ng vacations or family obligations. A |etter of confirmation was sent to 28 perschs
who agreed to participate on the panell. Of the 28pesmis who agyeel to participate, two 8
did not attend the orientation mestidg@r any of the allocation meetings. The &ainpRsitpn

- of the panel is shown in'Table 1.

Teblell -+
- Ocaypatinis Of . HIot%q;ectPanel Mk&ﬂms
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w«:n of Traffio Anglyds Zaones
Alltawigh the goal of e grow& allocation processisto dlb&az projeired growth to

the traffic am@yds zones, the number of zones in even @ small urbai d@rea would be
‘overwhelming for a panel of this m#aite to deal with. The Longview MPO area (whid.
includes nnal areals outside the Lonagview city limits in addition to the city of Laiiyydew) is
divided into 219 treffic analysis zones. Fet this reason the txdffi¢ analysis zones were

. aggregated into allegantion districts with the desired Suntber of distriets being between five
and 10. The' quantity and boundaries of theallloestiodl districts were determined by the
Longview staff) talivg into comsideratiionnaitish] geographictissinidssas, traffic anaRysis zone
boundaries, zone populiation~and employmenit characteristics, and county and city
bountiaiies. A el of six districts were established with the dismitt Boondaries .

edrtespariiiag to zome bowndisies in almost all cas&s, theenppm being zoneswhlch wére -
divided by the county kse.
..decided that an intemmsdiiiatie allocftion level was reqyited between the distrion .
“1ewel and the zone level. ‘Following the initial rounds of the Delphi proess in which the
@owth was allocated o the district level,. a second level was established. The panel
| tiembers were asked to examing each of thi 219 traffic analysis zones and indicate whether .
there wea or was not a potential for chamge in that zone. Areas were estabBshed based on
- the same considietitivig used in creating the district bousrdaxies and the responses provide&
by the pémd regarding& pdtential for change. H;x& of the six diSttiéts were divided into,
~six &as, and the remaining district was divided*into five areas. This resulted in a total of.
. 35 areas which the paekkas asked ‘to consider in the-later stages of the praces. '

|
|
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Figure 2. Growth allocation districts for the Longview area MPO.
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Figure 3.  Growth allocation areas within allocation districts (Longview Area MPO).
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_ Infotumation Provided to Pamd =
e &1 order for the panel member+ to be able to use the best possible judgment, it was
| -neasmy to provide them with as much Gurent and historical information as pasiiblie with
" regard to population, emptyymerg, land use, and projected- populaticts The task of
compiling this information was greatly fadilitated by the fact fiat most of thie infrkmatiion
~ was aveiidbie onttit Geographic |nform& on Syststi (GIS) maintained by Longview. This
information was given to the panel at the beginning of tht orientation meeting.

|

Historical population and employment figures were presented to the panel in severa
formats. A téble showing the 1980 ce3smss population, 1990 census popuikiiion, net éhange,
. and percentsige change for each of ‘the six distrits and the total for the MPO area was
provided ia the iaformation packet. Armap was ako provided showing the percentage
change in eackof the six districts to give the panel members a graphical reference for fecest.
grawth in the arem In additidh to the 1980 and 1990 population fignres; historical
population from 1900 to 1990 for each decade for Gregg Cauitty, Harrison County, and the
. City of Longi8ew was obtained from the census data in the. Tezas Almanac and provu!ed n
the form of a lif® graph.
Basic;, retaill, and serwita employment figures for Gregg County, Hartison County, and
the LomgvieyeMershall Metiqpallitan Statistical Area (MSA) were obtaingd from the Texas
. Employment Commission (TBC) datain the Téxs" Almanas and presented as line gréphs.
. These figures reflected 1959,19970), 19860 19%2, 1984, 1986,10%8, and 1990 empidyment and . .
illustrated the, etpiloyment growth trends in the anele Maps werelso provided for each
employment mwmm the locations #hd commmteions of employment f6r 1994.

Basc Year Population and Emplovment
Pugiilation and employment information for the base year 1990 were edmpiled by the

Longview staff and provided to the pamell in tabular form. This table containesd population,
Gepip&ddretlling units, median household income, undevelioped acreage, and basic, retail,

and service employment by district. The, figures ussidi#a this table were' consolidatss from.
‘ 9



|
|

the detailed trafﬁc%mt.y&m information used & trlpgemaﬁ’on variaies in the 1990
Lc&ﬂaw MPO tithan trumportanqn study.
Projected Populati | Emplovment Growth .
Although the Longview staff had devel op& d population and employment projedtivis
i for the year 2015, the projeetiiogs were not final and had not been formallly adopted by the
- d® Projections for population were developed by the Longview staff u& g a cohort
 survival methodl. Emslhymeﬁt projections were then determined using the Loi@ia® staff
wp\thdml projection and reglonal empl oyment projédtions from the Bureau of Economic
Agflysis and Woods and Poole. Anbirer set of population and employment projectionis |
commissioped by the city and prepared by the comsibiting firm of Perryman and msaﬁas
was also being comptied as the process was beginning. The Pemyman projections wefé
received the day before the Round 2 meeting. Several miathisers of the panel were aware
of the Pertyman projections and kept turning the &isemssion af the meeting- to the
differences between the Longview projécons and the Pemymm grojectigss. In order to
~ kéep the froees moving smoothly, a sfutian &= reached which appeasad those few panel
members without compromisingthe integrity of the process. Sincethe’ figuresfor population
and employment for the year 2015 had not been formally adopted by the city and MPO,
béth sets of ﬁgure were used. These figures w&e&mﬂtm the Delphi panel as a'high ,
estimate (developed by Fedepanm and. Ascibes) ahd a low eétint4ge (developed by the

bapgiiaw steff) for population and for basic, retail, aie servite emiogmeant Duting the’
course of the Delphi pr&ets, the population projections developed by the Long&w staff

were dightly reviSed. The allocations made prior to the revisiamswete updated to reflect
the revised prOJectlons Therevised proj&:tnom and alloczﬂ&s were cartied forward from

that point.

Base Year Land Use and Future Land Use
Base year land uge, future 1&nd use, and related zoning information.were included
in the information packets in three dxfferent tathdes, and wall maps were available at each

meeting for the panel to use as references One table prowded detailed info&.on by
| 10 - |



. district for base year and Yviure land use. Two &dditimmall tables. provided zoning
requirements and zonl ng casification by’ distriet:

" Schedule
Ruting a prefiniinany meeting with the Longview staff on I\/Iay 7,188, the decision
was made to eoxiddct Weekly Delphi’ panel meetings at 700 pih. on weekdays, An
~orientation meeting was held on June 4. |t had been estimated that-six to eiglt meetings
wotid be acvessER to corhpl ete the process witighwandld result in the meeting schedule
contimiing thraugh Kily.; The meeting day varied émm week to week due to conflicting
mesdmgs of the city council and other eammttes and a limitation on available meeting -
locations.

DELPHI PROCESS METHODOLOGY

The Delphi process as ‘modified for use with growth allocation consists of an
~introductory meeting, four to eight meetings where panel members complete questionnaires
and exchange information, and an evaluation@esiting. Figure 4 illustrates the questionnaire
and allocation nietdhioeitlogy of the growth allocation process. Beginning with the sexond
round, feedback-iis provided to the panel regardi ng the responses and iésults from the

. previous round. Slkmel members dre’ given the ofipartanity to review the informaisd a
revise their responses. if they wish. &s aa:m?nsns i reached at. each allocation level, the

' process adiaarnsSs to the next allocation Ievel, and the' prweess is repeated. ‘
S Although the panel members are responsible for establishing a quilitisre measure
for the growth ppetietad of the districts and areas, they.do not directly determine the growth
allocation$. The growth silocatiofis are made by the aggog conducting the Delphi process
based on caluiltitions made using the panel responses. In the hoogtiew pilot projecd all
calculdtioas during the quc;stiohnairemntﬁnn of the Delphi process (showninside the dashed
area in Figure 4).were ebmppited by TIIL The procedure used for making the allocations

are diskused in a later section of this repuoti.
‘ |
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Flowchart of Delphi process methodology.

Figure 4.
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: -Questionnéire Format .1
Dutiing the coupe of the pilot projeet, several different questionnaire formats wese
-used Some of the changes in fotfmat were made in arder to aliktn responses on héw
, infarmatioti as the process progressed. Other changes were made in an attempt to simplify
the questionnaires in rexponee to panel comments on the format of the questionmains. in
making theses changes, great €afe was taken to ensure that changes were not made between
- simillaf rounds in the prooess which might b@s the panel respomses. These changes are
detailed in the following sectioas. ” |

Orientation Meeting ' S
| The l\mrpose of the orientation mesigmas primarily to acquaint the panel widi the
Delphi process and'to diistibute the plabiets containing the populatiion, ‘employmeast, and
land use informatiian. Therefore, few panel responses were solicited di:ﬁ'ig this meeting.
~ The only inferefation obtained from the panel during this meeting was. biographical
background information. ' :

Allocation of Growth at the District Level
During the. first two rounds of the Delphi p'msqtﬂle panel was alsked to consider
" the growth potential of the six districts. Determining the population and employment -
growth potentlal far each of the districtsis the Frststep in &lochting thelitme grownd. .
Pafiel meenblers were first asked to provide' a self-evaluation of their familiarity with the.

' Dangpiiaw airea using tie foll owding Galle:
' |

! . 1) USfamiliay. Y
" 2) slightly Familiar
3) Generally Familiar
4) Very Familiar = )
5) Expentar\&criebl-Suidiige

The same scallewas wsed throughout the questionnaire each time the panel members were



- . asked to evaluate their f&nliarity withttie given issue.

The first round qestistoameaire was divided into four sections: populatlon growth
| potential basic employment growth potential, ret&il enpisymeey growth potential, and
 serwied employment growth potemitiall. Panel members were first agked to rate the

importance of 13 fadmns which might influenee growth in one or all of the distticts tisiag the

following scale: .

1) Little or No Imypoame .
2) Minor hppstenre

3) Considerable Importame ; :
4) Very Greainportans

The panel menibets were al o &3ked to rate their f&niiadiy with the factois. The goal of

+ asking the panel tielaissrs to rate the factoes was to gather information on the& perceptions

of wiiat influences gyeitrth and, more’iimpaitanitly, to put the panel members in a trme of

-mind in which they would ensiider what factofs actually affeet the growdhpotenfl, reatber
than giving an arbiltrary or “gut" respenss®, when rating each distriiet’s growth potentisl.

' Each sectiog then required the panel mefitber to rate the potential for each type of

' growth (Le., poputativa and basic, &eaill, and Sedice emp|oyment) for each of the gx

distiichts msing the followmg r&mgs&k.

. 4) 10% o r  Greater Decresse
o 0) Stable (No Change)
18 10% Inerase
2) 2%lnerase
" 3) 50% or. Greater Ifcrease

Thejpanel members were also asked in each section to rate their tamiisirity-with each type
off gromalt in ablactistrichandt or anikt edistrial Sroen it ab§withal aaking of | DR hgtie
" Jeast likely to grow and 6 beigig/the most likely to grow. The purpose for this raiitibg was
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to ask for .the same basic information regardi ng growth potentiSal im a difféesint format in
oxfer ‘to provide a means of venifymg that the panel thembers were mterpretl ng the
. questions correctly. ~

Following the questions tellaimg to the potentlal for growth, the paneI members were
&iled to make's judgment regarding what level of growth aetivity would-occur during each
of three projection timk periods: 1990 to 2000, 2000 t6 2010, and 2010 to 2015. The
folbywiing scale wes used to evauate the level of activity:

a 1) Decrease

0) No Growth
| | 1) Slight Growth
2) Moderate Growth .
3) Consdersble  Gmwth

The levels of growth during each time period which were cakulated from the responses tb
. this question were compared to the, actual htemedide projections’ developed by the
LongviewstafE’

' Space WAk also prow ied on every page for commenis, Panel membersweremmﬂaeﬂ
~ with space in e&ch section of the quesstimstireifoiiaviog the factgrs which might iffluence
growth and encouraged to provide additional factors. These. additional factors and
comments were used to stimulaté discussion &t the next meeting. .

The Round 2 Guestiomaaire format was essentially the same as the Questionnaire used
in Round 1. Format changes consisted of -the removal of the questions de~':==--**h the
factors infilnezicing growth i the district rankings and tBe adlitimn of the 1%8&3&% from |
the Round 1 respon®&. Feedback was ‘given to each panel member in the fank of panel
high and low responses, the median and mode of -the panel responses, and that panel
membies previmis responses. Space was provided to allow the pamél member to&asise the.
previous response and to make any additional comments.

A new section wés also added asking the panel memibers to ihdicate which traffic
- analydis zones they felt had no @ﬁant potential for chﬂ@ (either poskiive or negative).
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'rhismfmmn was used ig conjunction with other eharacferrﬁms of the zones to establish
the ared baadarts for allocating growth within each ditS&.

. Each panel faember was also provideld with an information packet containing the
quantitative allocations and growth distrilutions over the 25year time period (1990 to 2015)
calculated by TTI using the panel’s qualitative responses from Round 1. N

Allocation of Growth at the Area Lesvel ‘ l
" After two rounds of questionnaiires ot the diStrict lesell, a consensgys was reached; &nd
the panel was ready to presed with the area all ocations. Based on tomnneits made by
some of the panel members at the end of'the-Rownd 1 meeting, and the fact that thetime |
required to’ébmplete the Rufimd 1 qpeeriihndire exceeded the.time originally estimated, the
dedsiGa Was made to change the format at this level of the pre&s. The format of the
questions remained basically the same, but the presentation of the questions was Changed.
| A map of each disstiiet showing the ardalbolmastias in that district was placed ama !
. . Separate page aong with the questions pentadiing to those aréss. A map of the Inngvia&
area showing the rellaaite [ocation of each’ distitt was also placed on ¢ach page. This
feptnat provided an immediate visual reference for the panel memberswithout having to use
additional maps. The questlons regarding the potémtial for the four types of growth in the
- areas were worded the samie as in previous rounds and the sake rating scale was used.

A second section of the Round 3 quﬁomnﬂrle presenird the all ocation distribltisns
as a peresniage of total calculated from th. Round 2 responses @nd asked the panel
" membersto eithér agree 8r disagree with the allocation percentages. In casEn wihikre panel
members disagreksd with the percentage. for a district, ghey were asked to indicate Whether
it should be higher; or lower than the value gikest and to indicate another distriét which
shouldlose or receive therssiling difference. '

The Rmitrd 4 questionnaire waswittiallly identical to the Round 3 questionnaire. The
only significant differesice was the addition of the feedback from the prior round showing
the high and low panel responses, ‘the median and mode of the panel responses, and that
panel mambick's previous responses. The pémedl members were again allowed to complire
their previous responses to-the panel responses and to make aupshangess thyywished. They

16



were also-provided with revised-dismiict allocation Percentages and dsiced if they agsed or

disagreed. |
- During both Round 3 and Round 4, infornmagon packets were provided to the pagel
members with the questionnaires. These information packets contained the most current
revisions of the growth zillsestion cal culations made by T based on the panel responses
from the prior round. . ‘

After reviewingighe results of the Round 4 questionnaire, it Was apparent that the
- panel had reached a consensus on the allocations at the area level. The aifo&tion t0 the
traffic andlysis e leyel Was petiformed by the Longview siff taking into considerafifom tne
aaiidble |and in each area’s zones and the fumwre land use plan for the city of Longwiaw.
The adi@deéd results were then aggregated back to the area and district levels, and maps

* . showing the amaqunt of g&ow&at the area level were pmp&al for each of the four growth :

categories and for total employment |

Evaluation of the P by the Panel
| The Rattid 5 questionnaire was designed. to allo& the panel t6 evaluate the overall .

. process. Panel membess were provided with an information packet containing final
alleeation figures and percentages in tabular form at both the distriet and zone level; A
presentation of the. Finall allocatints wa also &atle to the panel using the maps showing thie
ammmt of growth fdr &ash of the four categories. The panel was dsked to evaltiate and
comment on items such &S the effectiveness of the pragess, the types of questicmizire

' formats use&, the infarmatidh packets provided to the ‘paaél, the meeting férgat, the
smesting schedule, and the fiodl alloeations.

Meeehig Forméit

The basic format fat the Delphi process panel meetthgfS was comsisient throughioat
the entire meeting séhedulle. In all cases the meetings were intended to be # informal as
' possible.  The meetings were structured to begin with an overiew of the goals fot that
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. partieular meeting foliowed by an open discussion by, the panell. nformation pertinent. to

- that round of the process was presented, the information packet for that round was
reviewed, and disc&ion was encouragel. The questionnaire format for that meeting was
then -cutlined, and the remainder of the nrefng was dewsted to responding to the
questionnaire. .

oni ion Meeti | ,
The first meeting with the panel @as the.mSt formal of the meetings: Introductions

were made by the Longview sWff as well as a présahadtinn to the pabel on the transportation

| planning process and the necessity and diiffictities in allocating future growth. An overview
of the Delphi process and the panel objectives were then presented. by TTL The Longview
stetff distributed the information packets and explained the contents of the packets; this was
followed by an open discuSsivé: The panel ﬂxembers Were informed of the meeting
sclieztule, and the-meeting ended with closing comments by the Longview dtaff.

Growth Allocation Ouestionnaire Rounds |
- Meeting fomnatsifar the growth allocation rounds were: eséngblly th@ same. An
annepphere of informali@) was provided in which panel members felt free to ask questions
or offer commesnts at any time and also to move &tiat thi nrsiting romh for releshmérns
or to ask questidms on a one-to-one basis of either the Loggviaw or TTT staﬂ’. Each meeting
mﬁ with an explanm of the information packet for that round followed by an open
discussion: This was followed by an dvetview of the current qe@m&mireamdl the teedback
. provided from the previous round results. The paisél members were then given as much
time as they reqghired to' complete the questionnaire.

the
The format for the fina panel meetlng followed the Same pattern as tie
questionnaire meskings - preﬂentatlon and @en discussion followed by the completion of
the questionnaires. However, after the final allocations were presented, there was
considerably more discussion than i piior meetings. The disedssiun primatiily focused on
the overal provsss and the quélity of the allocations. generated by the pamnell. |
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. Proasssn{e ANID EvaLU4TION OF RESPONSES
The following sections detail the steps and decisions involved in processing the
. Qeskhonadies eepmrses and calculating dstguawtih allocations. Panel responses during each

of the gesttinnmaire rounds provided a qualitf@ive measure of relative growth potéafdl.
Tiese qualitative responses were then processed by TTI following each round to obtain

quantitative values for relative growth poteatial which were in turn used to allScate the total

- growih. All eflailations and datanamipibitioss were p& formed by I &singsa series of |
Spreadshests. Spreaﬁimmtm used to processthe pilot project results due to the ease
wi t h which format and caladatiomthanges can be miade.

Orientation Meeting .

Due to the nature of the orientation nmedidg, Nno clcslators were necessary.
PRxaeesshrg the responses from this meeting consisted of compiling information provided by
the panell'membens on the biographical backgpatid sheets. Each panel member cmtthe List

. was ghen randomly assigned a number from 1 to 28. This rumber was used on all
subsequent questionnaires and feedback to #sure the anonymity of .each panelist.

' Allvcation-of Grosithh at Districclevell =~ . . : ; ¥

| During tiee first fieo rounds of the Delphi preess; the questionnaires dencenirated
on the alocations at the district levél. Table 1 shows the allocation of projected population
and employment for the year 21115 caibibied from the pamel responses following each
round. $EHle 2 shows the same &cations as 8 percentage of the totall. Pane!’ responses
for Round 1 aYdFRmmﬂ 2 were in the form of a growth potentia rating for each disgtica

The following m was the initial method used to distermine the projected growth
distittution at the district level following the first round of the Delphi pru&ss.

‘Step 1  The arithmetic mean and median were calculated from the

respanses giivem by the panelists. These two values were averaged
to reduce the influence of any extreme responses. '
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(Mean 'bfpand:.respoils'c) + (Median of panel W) = % Growth of distri

(£3412) + (0). = _—_l%&g
. 2

Step 2  The pap@4tion for the base year for &@@h district was inaresed or
- decreased by the percentage obtained in Step 1.

, (Bmywcﬁstm:papvdanon)t (1+(% mg&:‘a)) = Umcakdmmddisrxcxpopulman

16,991 * (1 +a( -QEITIQEY) = 16,701

Step 3 | The elckidenl pog@htiians for each of the districts were sSmeed
8 to obtain an unscaled projected population.

S Unscaled projected disrics populations = Tatl calculaaed populasion projection
e 8,98 +7914 + 10,416 +31,301+ 18597 + 16701 = 98,777

Step 4  The eslaaied population and the projected population were used
) | to §eale the populations for éach dismict using the followilg
calculiating:

(Caleulaed dirics population) | p o
“(Tosal calculased population) * (Projected population) - population

16,701 "
S0 . 107,59 = 18183



- Stegp5, The growth of eaeh district was calculated’ using ‘the following
equati on:

Quaddhnzgmgggg-guwzggdungzgggg 1 - ;
(Base year district population) : * 100% %G

18,183 - 16991 |
st 10% = 0%

Due to cmreetns from the panel that the growth in some didmids should be negative,
the method was.révisesti to allow the scaled values to be pésifite or negative based on the
responses of the pamell. The revised method was aplied to the Round 1 responses here for
the purpose of conaparison #d used in Round 2 and all subsequent calculations. An
astetidk ( * ) is used to indikzste changes to the iitfal calculation method. N

Step 1 : The arithmetic meam and median were calculated from the
responses given by the panelists. These two valoes were then |
. averaged to reduce the-infleee of any extreme responses.

meg % Growth of district
" Round 1:
. O @
Round @2.

@) @ Qur
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Step 2 . The population for the teSe year for each district was thes
increased or decressed by the perastshge oldtained in Step 1.
(mmawiamdaﬁm) * (1 + (% Growth of distric)) = Unscaled projected district population
Roudd 1: .
16991 * (1 + (-00I706)) = 16501

Round 2z . E
16091 * (1 + (-0.00841)) % I6HB1

Step'3 The caiizhed pqnukﬁals for each of thekdﬂ:mids were’ summed
toobtalnammsdmhprojectedpqpnm b

Y Unscaled projected disirict populations = Total calculated poplazion projection

Round 1:
113,848 +7,914+10,416+31,801 + 15389 + 16,701 = 98,777

Round 2:
13,716 +7,949+ 10,352 +38,291 +49,074 + 16,831 = 99,223

Step 4 The net change was elcSided between the caleulated population
'projection’ and the, base year population for eaéh of the distriets
‘and the total,



Dismiz 6:

- Round 1:
16,701 - 16,991 = -290
Rouind|2:
| 16,831 - 16,991 = -160
Total:
Round 1:
98,777 - 89,610 = 9,167
Round 2

99,223 - 89,610 = 9,613

Step.5 The pet change ¥m cilalked between the total projected
population and the base year total populaticm

107,539 - 89,610 = 17,929
Step 6. . The net change to reach~the calculated populkitivs and the mét

thange to reach the pr'oj ected population were then used to scale
e paspmiations for each district using the following @Rkuibitime

(Net change of district pop.)

, * (Ne change. jected pop.) = Scaled change of district pop.
(Net change of calculated pop.) e ofprq Pop) o 4 pop
Round 1:
- 17929 = -3§7
'—SD’,]B?;I-AW )
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Step 7. The total projected population in each district was calculated by -
+ . adding the scaled change in distriet population to the base year

district population. ‘
Base. year population + Scaled change of district population = Projected district population

Round 1:
. 16991 + (-567) ¢ 16424

Round2:
16,991~ (-298) = 16,693 |

Step8 The percent growth of each di strict was thet calcplated using the

following equation:
(Wm(mmwmmd:w : 'Im'”m .
Round 1: | o
15"2; mm,@ £ 100% = -30% !
‘Roumd2
| 16’6913@.99;6’991 ! 100% = -1785%



‘ Fdlmwing -Round 2, the nneals of the pahel responses from the two rounds were
coftipaired Using &z statistical test to determimeiftie means ‘were statistically diftirent” The
means of the panel responses from the two questionnaires were statisticaly the same.far a
confidence 1&&l of 99 percent. This statistical tesult along wigh the fact that the pa.ﬁﬂl
menbérs would. ivill Be &limwed to make addstmenis to their responses for thi. disiiét
growth potential prompted the decision, to afraxce the process to the. next level.

As a part of the Round 3 and Round 4 wonnaimmmg with growth allocation
at the area level, panel membets could also agree’ or disagree with the alocations at the
district level derived from Roundf 1 and 2. Where a panel member disagreed with a district
alocation, they Vdere asked to indiate whether that district should have a larger or smaller
allocation aaliwitich other district should be adjusted in the opposite directiom _Tl}&tt panel
member% previous round ‘responses for the affected districts were adjusted by one! rating
level in the appropriate diredtio, the distizt allocétions were meeesiculated, and the new '
alocations were carrled forward. As the Fgires -presented in Table 2 indicate; some

. changes were made, to most 6f the district alloedtions in all categorles during Round. 3.
Fﬁileing Roumd 3, the panel agreed with the alhsatiion of basic employment and retail
| emplayment, and no further adjustments wife made to those disstial biloatithonss. - However,.
- there were stll some minor changes made to the population and sezvice employment district
allocations. Although adjustments were made déring Ralads 3 and 4, these adjustments
were relatblely minor as indicated by the smaII &hanges in peteent of total fromi one round
to the gam The largest change in percent of ttal was only 2’.3 percent, and all of the |

remaining changs were lless than 15 perceatt. = | ' ;"



. Teble2 |, . .
Comgatison of District Alllecations Following Each Round ‘e¢f Delphi
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. Table 3 :
Comparisen Of DistrictAliezatiions Following Each Round of Delphi
As Percentage of Total

. ‘Estimated 2015 Allocation (% of total
District 1990 Round 1 Ra_uui_ Round 3 Round 4
1 95 95 93 90 9.0 9.0 -
2 104 108 17 to7 10.7 10.7
3 S16 529 531 549 349 0
4 83 .52 £l 48 48 : 438
5 49 50 49 47 47 4.7
6 183 166 159 159 159 188
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Allocation of Growth at. Area Level

Rounds 3 and 4 of the qp&&nam process concentrated on the &leeadtiam of growth
at the area lesell. The procedures used in processing the' réspamses for the district
allocations from Rounds 1 and 2 were used in processing the responses for area allocatiion,
Calculations were made by TTI using the revised method of converting the responses to an
actua allocation, and-the means were tested sttitiisitallly following Round 4 to determine
if “there had been a sigyificant change between Round 3 and Round 4. \When no apparent
statistical differences were found between Round.3 and Rotiad 4 responses, the ppedas
advanced to the next phase, the alocation Of the araogpyevith to the traffic analgis zone
level.

Alocation of Growth ot  Zone Level

It was felt that the large number of zones in the urban area would be too tedious and.
overWigtiniizg for the panel to deal wiith iti the context of a meeting atmosphere. Also, it
was reasopalbilz to assume thattihe panel members would not be as f&milide with specific
zones' at that “Ievel of detail as with areas and districts on a more genera scale. Thérefote,
aBoeatiion of tBe growth krom the arealevel to the traffic anglyg zone level was performed
by'the Longview #aff. Allocations &t the area level'were distributed to the zones in that
area within the constraints of alabie land, future fand use plan, andkexpeetrti densities.
The panel alocations were first considered at the @i level |f the growth allocated to that
#ea could be absorbed by the zones in that &, no reductions were made o0 that axéa
If the growth aBoesfted to that &ea could not be absorbedtly the zones, surrounding areas

. were considered to’ ‘Betemine if the excess growth child bestiffied to those areas. In the

event that the growth alfoeaté to the areas in a givendistrict taulld not be absorbed by the

' afeas in that distriet, the adjacent aress in the adjacent districts were considered as possifble

targets for the excess.

As shown in Tables 4 and 5, some minor adjustments were mezessany in allocating
the growth to the zone level Excess growth allocated to Distriet 4 and District 5 was shifted
to Disttfiet 1 and District 2. ‘ Table 4 shows the comparison-of the panel alloctivins and the



adjusted ﬂ&mms at the *&strict level. The percentage of alfjigiment tanged from &
. dearase in Disfrict 5 of 3.2 pexat to an ineessst in Dlstrlctlof68percaﬁ.'1‘&
‘difference in percent&e ‘of the total projected population ranged fnsmn a PeliSction fi
District 5 of 0.7 percent to an increaise ‘in Diskriet 1 of 1.1 percent. The eonelusion can be
made that the change in percentage of total at the area level and.the district level is a more
relevant measure of the impact of the adjustments made to the panel alocations than the
.aeraal percent of raw adjustment. Thisisillustrated by ‘the results provided in Table 5. As.
indicated by the figures in Table 5, the percentage of adjustment between the panel
allsaition and the adjusted allocation ranged from a reduétion in Area 2 b Distiet 5 of 104
‘percent and an inewase in Area 5 inDistrict 1 of 193 pereshitt. However, when the change
in percentage bf total district popuiation is analyred; the percenttage change ranged from a
reduction of 2.6 percent imAurea 4 of District 4 ® an inaease of 2.0 percent in Area 1 of,
~ District 4. The areas exhi biti ng the largest positive @ negative percentage of adjustment
(DiStfict I/Area 5 and District Si{Area 2) restibied in a change ik the percmmage of total .
puquiatioa in those areas of only 13 percent and -0.9 percent, re:ﬂdéﬁtéjy. The largest
poéitive and negative effect on the allocations in terms of the change in- the percentage of
the district tetal occurred in Diskiét 4. This relationship begomsis even more apﬁaren'i when
. reviewed at the ditict level. Using District 1 as an example, the aijlsmeent in population
. Misthdon tesults in i increase of 1,190 persons, wifich is 6.8 pércent of the panel alocation
‘ot 17,480. Fawever, this is only 1.1 percent of the enti repto;ected ® population of 107,539 .
‘petsoms for the year 2015.. Thisisa relat|vely imsipificant change in the overal growth .
-zallocation. ! « ! .
| . Thecomparison between the panel alle&tioms and the adjusted allocations for basic
- and rétail employment as given inTkallles 4,6, and 7, provide additional support for using
. of this tesimiq@ek the growth allocation process. ‘ In distributing the basic aad retail
employment growth, the panel allocatiimts were completely compaitible with the constraints
imposed at the district kevel; no adjustments to the distigct allocations were néadagl. At the.
area level, some minor shifts were required within the areas in District 5 for retail
employmentt. These adjustments were not a direct result of excess allocation to these akas
but were instead due to the fact that new retail developoaetit had alreagiytifegum in Area 2
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afid Kirea 3, and the panel all ocations were not suffitiaiitly |arge enough to reflect this growth
A similar situation occurred when distributting the aria allocations to the zone |evel
for samite employment. Due to the concentratiiom of semvice oriented businesses in District
6 sonsisaing mainly of hospital and medical’ practies as well as banking émd govemmekt
offices, @e growth alocated to this area as increased dightly from the growth allocated
. by the panél. The kdjustment was made by reducing thy semiece employment in District 5
by 300 jobs and alloéaringttinses 300 jobs to Area 2 in. District 6. This reallocation of 300
4obs amounted to amdf15 percent of the total sermice emfiinyAnent projection of 19,480 for
; the year 2015 in the Longview MPO arez Some minor redistrilihution was &l so tmanje arhbng
the areas in-District 5 and District 4. The results for the Service employment alltasition dre
giveznim Tathiesslandi 8.

Mmtmofthel’mbythePanel

Following the al\déa6idh to the zone lesed; the Del phi process pmceledmﬂ to the fiyml
-phase. Although mot necessary to ‘the allocation of future growsh, the evaluation
questiontraiins Was considered to be an important phase in the pilot project because. it
alheved the panel membets to provldle information which may be used to refine* and

. improwe the process.
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Table 4
Bompasion of District Allocations Before and After Adjustments

| T [ 215 | 208 [ | [ | 25 2018
! , 1950 Panel | Adjusted % | 1990 | Panel | /Ajjestel  Diftim

Tbail

|

| District | Population |Allocation | Allocation | Adjysement | Mjesemenit| Focsi Total | % of Total %dﬁ_ﬁbul%'.ﬁ

s ey

2015 - | 2015 21 [.220%5

ail Emp. | Atlocaion | Allocai srmess | 9o i o T | Tl | MorFiot
621 654 . 654 - ] Y] 52 49 39 0.0
417 47 447 0 0.0 2. ko 34 - (7
1,24 1,243 1243 0 0.0 102 93" 93 08
3,738 4293 4293 0. 0.0 32 dazss - 323 © 00

422 0 ~ 00 26

2452 . 0 - 0.0 203

13311 0 0.0 00.0

. - 0.0%




iCable § o ‘
. Comparison of Papulation Area Allocation Before and After Adjustments

)

District | Asa | Population | Allocation | Allocation | Adjupsmad:
1 n—| 1ie 1174 " L174 0
2 2715 78 273 0
3 2,606 ‘3262 3262 0
4 476 6,154 6,652 498
5 137 1874 2235 361
6 1.726 2243 2574 331
Total] 14,299 - 17,480 18,670

1190
2. | 1 1440 2492 | 2562 7
1.2 Bna 23 | 23 a0
i3 159 1856— | ~\1:866 0
4 1681 34 | 180 0
5 16 626 %3 0
6 614 655 &6c- 0
[Taw | (7708 1o 1110
3 1 1,014 1,014 1014 -0
2 1157. | 1146 1146 0
3 | 349 3459 3459 0
4 1245 | 12% 1259 0
s 8s1 1,092 1092 0
6 2414 2559 | 259 0.
Toal| 10177 | 1053 | 1052 0
'R 1 3343 | 4457 5,009 552
2 | soz 53 | 580 | n
3 6,056 7940 | 739 £01
4 8028 1011 | s1s 1,000
s 3280 4,115 4115 0
[Torl| 25,738 | 31966 | 31388 B
3 T 185 B0 | 310 [
2| 108: | 28% | 259 -300
r 3 924. 1617 1743 126
4 32n $380 | 5330 0
s 6080 | 6925 6529 -39
6 238§ 2602 | 2500 152
[Towl| 15391 | 22620 | 2189% T2
T 324 A7) 2360
2| & |:m9 409
3 188 | 1. 1%
4 101 s
=7 20 2289
6 1,709 1624
e
16991 | 54D
89410




- * Talid 66:. '
Contiparison of Ba&ic Employment Area Allsgtitions Before and After Adjustments
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Pﬂi’!‘lbﬂ’lm RATE
Although the particpatiols rdze varied from ramd to round the overal part|C| pation
5 rate was Slightly less' than the 50 percent aiigiallly anticipated. . Of the 28 persons who
&reed to participate in the procéss, 12 persons (43 percent) responded $ 4 to 5 of the’
guestionnaires, 6 persons (21 percent) responded to 2 $6 3 of the questionnaires, and 10
pasiors (36 percent) responded to @ to' 1 of the questionnaires; These percentages suggest
that in order to have responses feais 25 t0 30 persons dl&ng each round, the target size for
the panel should be 60 to 70 persons. Based on evnnxeamits provided by the pamdl mentizers
who returned the veladiaion questionnaire, it is possible that some of the eight panel
" meeBers Rio did not participate after the first two rowmbis may have besh bewildered by
the amount *of information provided to them and’ by the length of the first two.meetiings.
Revisions made to the format of the questionmaiites during thk |ater rounds of the proes
signifiamnitly reduced ﬂlédinﬂmn of thie meetiing, This would likely ‘résult in a higher
- overdl patticipation rate in finure applications of the Del ph| proctss. If the ass,lmptlon IS
made that 50 percent (fbut) of these persons w&:lld have participated @a total of 4 to's
faitds of the process, the participation rate increases to 57 petcenit. This Gould lower the
target siize of the initial panel to 45 to 50 p&rsoms.iin order to receive an average of 25 to 30.
. responses in each round of the process. This is a more’ praiiieal size for the pihel both '
. 'fxém the. standpoint of seatiing a panel of quaed individuals and of administering the

process.

RESHONSE OF L OCAL GOVERNMENITANID COMMITTEES
Follbwif thiecfiial meeting of the Delphi panel,’ the results.of the growth allocation a

.. process were' . presented to the MIRD Technical Cmnmttke,” the Planniing anij Zamiing

- Commissidn, and the MPO Steering Committee. The responses of these groups were
impoftant in evaluating the usfiliaéss of the process as a tool for develapiinyatiboativis
wdkiéhhiAll be accepted by the political bédiss involvid in the piannimy poosls. Reaction
to the allodtims may aso be viewed as an indication of their level of confidence in the
growth allotatiioms.
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~ MPO Technical Committee |
The first group tb receive a presaﬂam of the growth allocatms was the MPO

TEm&i Comnnitts8, This committee is koyppsred of persons whose jobs are related to
the plamaiing. and implementation of transportation projects ad whose expemse liesin
transportation and planning. Although they have no formal policy making power, they are
responsible for making recomendaitiyis to the MPO Stéeting CamimSties which does
determine policy. One of the membets of this committee satved as a paafel member during.
thé growth allocation process. A presentation of the resilis was made to the committee by
the Longview staff, Dusifig the meeging the committee faembets wereyasyy positive toward
the process and-the results. At one point following the présatmition, one of the edtnfitas
feeities Who is a Longview &ty official made the suggestion ti@t the allocations be adopted
for use in other ety and uﬁmy planning processes, i addition to the transportation planning . -

Process.

Jlanning and Zoning Commission -
| A second presentation \was made to,the I.ongwew Planning and Zoning Commission.
Altheugh the commission would not be making any formal adoption of the allocations, it

vgas important for this group to accept the aliceitions Since theppowth allocaitassihhd use
plan, and zoning map are al relate& Two members of the commission participated in the
Delphi prdesss and were vety positive hi thele responses to tither commission members.
‘This gives support to one of tie goals of the process;, by’involviﬂg members of katous
‘badies involved in the plaahing process in the allocation of futre growth, thewesudll be
support for the allocations later in the approval stages of the plamng process. The overall
~ tespaise to the brééées and de resulkif® alocations Was om= again very pastive.

~ MPO Steering Committee .
‘ -The final presentation of the growth ﬁlhmti&s was made to the MPO Steeting
Committee. This group is responsible for setting policies related to transportatlon in the

MPO area and is esmipesed of elected ofﬂuals&omthemmi?qux&esmcludedmtheMFB
axl Longview city officias from upper levdi mﬂgmﬁt positions, suéh as the, city

I 37



. manager, city planner, and dirkctof of pgbl'ie works.  One member from this eommitiee
served on the Dl phi 'pm&'ll. As in the previous presentations, considerable interest in the
process and a stromg pasitiive reactioq fram the amﬂnittee_ was expressed. *Following the
pressentaiiion by the Longview’ €&, the committee voted tevimoubly to adopt the :
dlloaitns. .



ADVANTAGES OF THE DELPHI PROCESS'

There are seml benefits inherent im the design of the Delphi process. The most
important benefits relate to costs to the MPO in both time & mnoney; the social, paligeal,
and |egal advantages of basing the. allocations on a panel eonsesufs; and the political
advantages of, involving members of local agencies and committees during the allocation

. process.

TIME AND COST SAVINGS AND ACCELERATION OF PUNNING PROCESS
Since the Delphi process is not aoommket model, it do& not display amy of the
pralidéais inherent in the models or modeling process. Of the beneffits provided by the,
Delphi process, perhapé the most; apparent are the time and fimancial sa@itgs due toits
speed and Sxpbliiyy. \When using computer models for growth allocation, the model must
be callitikated for use in the spedific study area This caliitivetion process normally regjuires
‘the ssswiden of a consultant for many months to prepare the model for use, followed.by the
actual modeling for the area,.ressliing in considerable exmange for the local- MPO. In
contrést, the Delphi process-can be conhhateeby the local staff in a perigd * of two to three
months or less, thereby eliminating the expense and fime associated with the computer
- -modellng pma&. Also, the fact that the goal-of the Delphi process is to achleve a
€ODNSEDSLS e, tiet the Delphi prmess &:uld be' bemsidered to beaﬁélkd]imth;g
' pkmess. The time sazings provided by the Delphi prosess.over a computer model wdllluﬁty
.. fodifh ‘area to area but #ill probably save six months to a year 6 more. In areas where it
is desirable to cakxplete o the plamaing process within the period * of apolitical term, the six
months saved us ng the Delphi process could mean the diffsxence between .approwal or
rejection of @iqopéan, |
The previous growth alocations used by the MPO were generated by the Longiew.
staff overa period of thresmontitk. Although thiS is only one month longer than the tifge '
required for the Delphi process,iit <till required &misideaddlly more staff hours than the
Delphi ppacess. Most of the time spent during the Delphi process is not due to the awendl
time reqyired to conduct i meetings and process the responses; it is due to the decision
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40 alllow one week' betwean meetings and due to shbmhg problems which prevent the
&@g from being held more frequeniily. Conceivably, meetings could be scheduled twice
per week, and the pragess could be’ completedi in ayprannmby half the time  However,
it is likely that it would be diffieult to find persons who would be able or willing to devote
their time twice edch week to participate on the panel
PANEL CONSENSUS REGARDI NGALLGCATIGN§
.Another advantage of the Delphi process is the relianee: on a goup consensys .to
obtain a q@iivifie measure of the relative growth potentiall of differeht areas of the MPO
area and to estimate the future gmwth alloéatiioms. \\/hile the strength of computes models
Is their ability to process a large volume of input data and eventually obtain growth’
alleesions) one of the mést attractiive féaiures 6f the Delphijprress cannot be incorporated
into a computer modal - the human ﬁctot The experience, percepttion, intuition, and ,
(@idgment of people farmiliar tith more subjectide issuesin the area suéh bs lifstyfs polis
Issues, and other factots too numeréus to list or even adkyniatly idlani& IS & begefit which
should not be ovesimoked. " The\Mesapttion between the panel members and the exchange
Of ideds alows the panel t0 reach a much more informed consensus than would be poskible
. for one or two individuals, This rest& s in panel input whiet‘i*is more responsve to local .-
sociz] andpolitizall dssies. [

* Onthe leg&izle of the equation, it is generally much exSiet to support figures wtﬂch
are the_rcguk of k,a&n input rather than the decisions 6f tWo Or thiret naithers of aloca
st if the figures are ever clullésigati. | is a gemeatly accepted legdl tavic that one of the
best ways to diScr&dit a project or policy decision is to diseredit the numbets on which that
project or dedisién is based. Where community invalvegpentt can lbe shown in establishing
the numbers on which policies are based, a stiamgge foundation is eratied for projects and

. decisions resuitiag from those policies. .

vw

INVOLVEMENT OF%OCAL AGENCIESAND COMMITIEES
Perhaps one of the strongest advantages of the Delphi process is the oppmethsiy to
. involve members of local agencies and afinfabes which must at.some péat adopt or
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appum the allocatiats or plan. By inviting these committees and agencies to &p&i a
commlttee member ta participate as 8 member of the Del ph| panel dutiing the alledtion
fvess, abond is &réated with that &gency or comivitre. L ater in the planning process,
when the gréwth &llbecation ok plan is béfare that body’ for approval, the participatiing
member will most likely be an adsocate of .the allocation of: the plan since that individual
was directly involved in determining the allocations. ¥ f&ct, the panel member &dil probably
. have kept the @x€ncy or commmittee informed of the. progiess and reSuits throughout the
alocation process, and obtaining the ayypytal may be nothi ng more than a formality.
This was indeed-the situatiqn in the Longview pilot project. The MPO Technical
Committee appointed one meniber from the committee to ;samum on the Delphi panet . .
the Planni ng and Zoning Commission appointed two members, and the MPO Steering -
Commitfee appairted One member to the panel. During the presentation of the final
&lineatiofis by the hapgvinw staff to these groups, the members who had patticipaiied in the .
Delphi interjected numerous positive rematks, and the responses ftom thp groiips were very’
positive. The M®Q Steering Committee voted unanimously to adopt the growth allocations
obtained during ¢he Delphi process. . |
n add|t| on to the previoudy mentioned appaitifsas from local Bmim and members
of the cmmnity who were indited to. participate on the panel, severa other local
- committees apgmﬁml members to the pamll. The. Strategic. Planning Econoniiic .
Devellopmeit Committee. (formed by the dtg of boggviaw to. sty transportalion iSsues
’ mahed to ecomakic devel opment) appoanourm&nhhess of their coinfitiee to participate.
"in the De phi process. . Amuther tity sponsored commitiee, the Sudiside Economic |
Developmenit Seady Steering Committee, appointed one representative to the Delphi panel
who did not participate after: the Round 1 mekting. “The director of the Chamber of
Commyenzee, Who was also formerly the director of planning for Loagview, particiaced 1o &
of theDelphi meetings. Two other membets of the Delphi panen although not eurrentlly
sving on dny committées, had formerly served on the ciy council and as members of.the

Plaxmiing) and Zoning: Qomirission.
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EVALUATIION BY THE BXINEL

Resdlts of the panel evaluation indicated an otrerwhelmiinglly positive response to e

process. Of the, 14 panel thembets who ‘campleted the Round 5 quaﬁ&uﬂm,iseveﬁ had

partiicipaied in every-meeting five had participated in al but one’ meetiing, and the two

remaining panel mexsbers had pathitipaied in fewer than three of the prexitals MRERER,
The 12 panel membérs who participated in all or mostt of the messieges felt that the process

had been effective in obtaining agd conveying thefr opinionsto the city s@ff and that their
particiyrition as citizenson theDelphipandl had been an effisetive’ means of connimnica&rg)
information to the dty staff. The rmmﬁs&mm the two remaining panel members were
split on these issues; one gave a positive response agrexdiowith the rest of the paret &d
the other gave a negativexesgpase indicating that the process and the invéivement of

- citizens wés not effective. The response regarding the meeting format Was also vety positive

with all biit one of the 14ﬁanell members indicating that they thought the meeti ngs were
produttive and effectlve In evaluating the qesttivnaiire formats, the majority of the pand .

. members felt that the format used in the third and fourth rdunds Was the better of the to

fofnms. Of &l the questions asked in the evaluation, periags the most important was

- whether or not the panel members felt that the. allocations xaleulated using the parel -

bpuises \ere an-aceurair reflection of the paals opinions. ' In answet to this question,
the overall response of the panel waiBat they agreed that the alloeaitivis-were an accurate

. reflection of the pam#Ps opimiaris. Of the eight panel memhds who’ com‘mb&d the |
- evduation qustiom:ﬁm, none pllsagreed -with the dlbcdtions. .
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RECOMMENDATITONG

~ Severd importaft modfiattims resulted fromtheyiiiot project. The most substantial
dnngé in the process was implemented during the pilot project. Panel members felt that .
the Round 1 questiomnaive was too lengthy. As aresult, the qyethivm@resfior Round 3 and
Round 4 were streamlined considerably. A recommendation for fitute syaplicasidms of ‘the:
Delphi prodess is that the format of the questiimnaaiires should be kept as. simple as possible.
| . A selond recomminded change is to admimister a.brief questionnaire during- the:
orientation meeting aklixg the panel members to consider the factors affecting the different
'@;ES of growth. In addition to reducing the length of the Round 1 questiioinmaiire, this would
- semme to prime the panel and stilmilate -the panel to begin thinkige &bout future growth in
the area prior to the Brst round. The open discussion at the begibming of the first &
would like¥ be more productive as a result. |
The third recommamhunnrx—mhlm;g from the pilot pﬂ;m is to use atarget pinel
size of 45 to 50 members. . This, combimed with the changesto shortent h e  questiomaaied |
format should result -in a better .participation rate afd, therefore, a largkr and m?re
Gopsisteit sample size from round to round.
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SUMMARY

As with any coinputer modfé! used to alibetie future growth, the only true test of the
alloeations generated by the Delphi proess are the actual growth patterns over ti me.
However, due to the time aind fianetiall savings associated with the Delphi process and the

speed with which results can be Gliained, the Delphi prox8ss can be utilized as frequenilly
as needed to update and maintain foture growth alietatios.
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A LEAST TOTAL COST APPROACH TO COMPNEKE IVHS, LAND USE,
MANAGEMENTANDMULTIHMODALINFRASTRUCTUREAL TERNATIVES

. Patrick DeCorla-Souzal| AICP .
- Federal Highway Administration

WHY A LEAST TOTAL COST APPROACH?

. The new environment for transportation planning in tife 1990s presknts 4 challenge to
planners and decision makers in evaluating multimodal. “alternatives. The Intermodal
Surfaéz Transportation Effidiency Act (ISTEA) of-1991 provides new intermodal funding
flexibility.  Also, ISTEA requires consideration of efficiency, social, economic and
environmentall factors in the evaluation process. The Act’'s emphasis on “mansgement” calls
for development oOf procedures that .allow - comgarisons across a variety of alternatives
including new services, land. use and demand marfagemént as well as high capiiell
investment-type solutions. Additionaly, ‘the Clean Air Act ‘Amendments (CAIA) of 1990
emphasize ' vehicular demand management. as an important strategy to reduce it pollutant
emissions. Future evaluation procedures will thus need to: (a) give adequate consideration
to economic efficiency and social and environtental impacts; and (b) be capable of allowg
comparisdins across modes as well as across a variety of high capltal and low capital or
management strategies.

In the- past, Metropolitan Planning Organizations (MPOs) have usually compared
1@ndportation ‘ projects using measures of effectiveness which are uniquely applicable . to’ a
specific mode. For example, measures of highway project effectiveness commonly used are
-improvement in highway level of service (LOS) ‘or highway speed, reduction of highway
accidents or savings. in highway,user costs. Transit project effectiveness, on the other hand, .
Is usually measured by transit ridership -t public capital and operating costs per new rider.
It is likely that Intelligent. Vehicle Highway System (IVHS) projects will also ‘use different
mheasues of effectiveness, depending on their modal orientation, If IWHS projects or
programs.. benefitting different modés (e.g. highway solo-driver, highway shared ride or
trangit). are to be compared, with one another or with other types of *investment or
management Strategies, common measures of effectiveness will have to be uséd i.e. measures
applicable across modes, and across supply-enhancing and demand-reducing sirategies.

The least total cost approach uses a common mea& e (i.e; total cost) which is applicable
across all types of dternatives. It attempts to account for the full costs of each alternative. .
The main advantages of this approach are: (1) It allows comparisons of transportation
investments across modes, (2) It allows compatiSons of major investment alternatives. (e.g.
new highway or transit capacity). with management alteraiiizes such as new or improved
services (e.g. using IVHS technology), pricing strategies, land use strategies and other
sriegies which moderate travel demand.
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The least total cost approach factlltates accountmg for costs of compamg highway-oriented
and transit-oriented IVHES projects in a comparable manner. | For example, in eutrent
praRice, when computing costs for transit alternatives, analysts include *wehicle capital and
operating costs ' and cosfs for garaging the vehicle. On the other hand, analysts computing
the costs for highway travel may include ;the variable portion of vehicle operating costs sauch
a costs for gas and oil, maintenance ‘aad tites, but exclude the fixed costs such as vehicle
ownership costs and parking or garaging costs at each end of the trip. (Note that, in the
long range, vehicle fixed costs and parking fixed costs are avoidable costs i.e. they are not
sunk costs to be ignored).. , For valid comparisons across modes, the full avoidable ‘future
costs of each alternative will hafie to be taken into account, not just costs incutred ‘by
tteangportation agencies for capital investment and operation. Public costs incurred by non-
transportation public agencies (e.g. police, fine, court systems, etc.), fixed private costs (e.g.
auto ownership costs), and external social and environmental costs cannot be ignored. From
.a sodietal point of view, it isirrelevant whether costs .#re borne privately, publicly or socialy.

In aleast total ‘cost approach, user benefits other than satisfaction .of the basid need for
access, for example comfort and, convenience advantages of a particular modkl altetaative,

need not be excluded. Weer. benefits or “amenities’ can be included in the cost totals as
negative o&ss if they are gjiahfifaiblle and can be converted to monetary terms.. Some user
benefits and disbenefits, as well as some external costs and benefits, cannot easily be
converted to- monetary terms. They may be listed with some measure of their magnitudes
for use in trade-off’ analysis... For example, a break even anaysis could be done to determine

how much additional benefiits from a higher total kost alternative weuld have to be worth
in dollarsin order to' mai€e decision makers indifferent between the higher cost alternatlve

and the “one with the ledst total cost.

The base to which-alternatives are’ compared in current practice also poses ‘a problem In
 cuifiSnt practice, the “tase used for comparison is usually a future year “do-nothing”; or “no-
build plus Transpétaiion System Management (TSM)" dternative. ~ Ben its of the
aternatives are calculated based on savings with respect’ to -the base. However, the savings
‘asittaies will pot be real if the base itself could never ‘xist in redity, which is often the
. casel For example, before the large . delays ‘forecasted under base conditions could ever
B occur it is probable. that travelets would' change their travel patterns (either traveling at
different times of, the day, by different modes, to different destinations, or by different
routes); or they may even decide not to make the trip. It is therefore probable that benefits
chifng® for alternatives by comparing them to’ the tse are inflated to some extent. (Note.
that travelers do suffer losses in overall utility when-they are compelled to snift their travel
patterns; howevet, the increase in travel times modeled under the typlcal base year scenario
probably overestimates }helr utility losses) .

The least total cost approach as applied ih this papée embodies the following major features:

1. A comprehensive accounting is made of the fudl costs of the current transportation
system as well as the ‘ﬂnture alternat|ves to the maximum extent feasible. User
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benefits or external benefits in excess those for the least total *uost aliernative are
- included as negative costs for tie' remaining alternatives.

2., The effectivensSs of alternatives is measured using a common messure which

g describes the chief “deliverable” of an urban transporfation system i.e. access. The
feasure is person trips served, or -the ability of alternatives to accommodate ' the
himre increment in demand for trips. \Where policies to shift persoti travel demand
to telecofmmuting, walk or. bicycle modes are to be évalluahed, it is assumed that walk
and bicycle trips as well as "eliminated™” trips from telecommuting are ‘imluded inghe
total of trips accommodated. Each alternative is assumed to be capable of providing
for the increment in demand for access, but at differing incremental cost, reducing
the problem to one of finding the least total cost alternative; . . . .

3. Incremental costs of alternatives may be ‘cal cuI ated relative to areal base, i.e. the
© ‘exigting system and its travel demand, feefiormance and cost. . ‘

4, Major investment altexfatives oriented to any mode eta be compared. Also, they
can be compared with alternatives which invalweno differences in public investment,
but enly policy differences (e.g. land use plan and zoning changes, trip reduction ||
ordinances, and parking surcharges). ' . : ‘

. 5.. Imowenesal cost per added trip may be computed by dividing the incremental costs
above the current year costs by the increment of grips served above the current year
trips.  This measure. clarifies. the true costs .of growth.

APPLYING THE LEAST COST APPROACH

.* The apfiroach is. demonstrated in this paper through application to a case study using a
. smplified microcomputer-based sprezdbiestt (LOTUS 123). . The focus of the case study:is
. on comfarison of land use and IVHS strategjes. A previous paper presented agase study .
“application of the approach focusing on evaluation of major transportation . investments (8).

.. Unit costs of travel differ depending primarily on &wo variables: (1) time of day e.g. peak

. or off-peak; and (2) type of triﬁ e.g. personal travel for work, personal travel for non-work

- purposes, or freight travel. These two variables can be used to categorize travel demand
into six travel markets. The case. study application ' fecuses on, the peak period work

(person) travel market.
Alll costs for providing' access are included in the evaluation of costs for accommodating

future trips, whether or not the tripmaker bears them directly. Costs may be categorized
based on whether or not they. have market prices. Market-priced costs include dolfar costs

3



botne privately by system usets arid publicly by ttansportation or other agencies. Market-

- priced costs may be categotized ‘s ptivate vehicle costs, public transportation system. Casts,
highway facility costs .and safety and ' security costs. Costs which have no market prices
. include travel time cois, environmental costs, pain and suffering components of accident
costs, and other social costs such as community disruption. They may be borne by system
users (e.g. travel time costs) or ekternally (e.g. environmental costs). .

Dollar value estimates of many of these costs may be found in the literature, as indicated
in Table 1. However, there are other socidl costs for which it is unlikely that dollar values
can be, developed -- they will Smply have to be listed with estimates. of their orders of
magnitude for consideration in trade-off evaluation in the decision-making process.
Examples of these impacts are: national defense implications fot. protection of oil sources,
community ‘cohesion et disruption, community pride, aesthetics, —accessibility -6f
-disadvantaged segments of the population, loss of cultural, historic, recreational and natural
réssurees, |0ss of open space and depletl on of nonitenewable energy resources.

Cost parameters used in the appllcatlon example ‘presented in this paper are based on vaifiues
shown in Table .1, with appropriate adjustments as presented in Table 3 for IVHS
dternatives.  The adjustingite account for cost increases due to IMHEB technology (both
publicly and privately borne) and cost savings from reduced accidents and reduced needs.
for new highway lanes. More ‘detailed methods for caleulatiiam of costs could certainly.
provide ‘ more accurate estimates of’ costs.. The purpese of the exampleis simply to
demonstrate how the approach may be used in real world situations, and not to provide
‘difihitive answer s about the cost-éffettivairess of the alter native evaluated.

The basic, -process for computation of costsisindicated . in Figure 1. The ptocess relies
heavily on output from the four-step travel demand modeling process (9), both for the base
year condition as well as for future year aternatives. &s Figure 1 indicates, the outputs
from the travel models needed for input into the costi@ procedures are the following; for
each peson travel ‘market: (1) person trips by mode- (from mode choice); (2) travel’ miles
(from trip assignment) by mode -~ person miles of travel (PMT) on transit line-haul. and
transit aceess modes, as well as vehicle miles of gravel (VMT) on the highway system; and
- (3) travel minutes (also from trip asshpnnesiy) by tode. As Figure 1 indicates, the travel
measures output from the travel models @re input into cost models which provide unit cost
parameters - far&he various ‘cost components.  Unit costs may be cxms per trlp per PMT, per
) VMT or e mlnute of travel time, as indicated in Table1. '

The case study urban area was Washington, DC. ‘A previous study (10) provided model
output data.’ In cases where needed travel parameters were not available from ‘the study
report, national averages from the Nationwide Pesanall Transportation Study (NPTS) were -
used (11). The Washington, DC study involved analysis of the systeswiide travel and
transportation - system impacts of two altetziative urban developmerit patterns for the -year
201@. | The fimst alternative (BAL) promoted a closer balance between housing and
employment growth, both regionwide and within individua "amiploymesnt growth” subareas
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withim the region. The second altermative (CONC) mainitsified regionwide bajante  between
- housing and employment as in the first alternative, but concentrated employmeint in areas
with geed transit service and significant levels of transit use at the job end of the work trip.
The study also provided a base mode! run for 1995. To demonstrate the application of the
leat total ‘cost ‘gpproach with IMHS alternatives, two new alternatives were developed by
the suthor. Both built upon the concentrated (CONC) .altemative. The first slternative;
IVHS(S), assumed use of only supply-enhancing IVHS technologies such as technologies
which smooth the flow of highway traffic, provide priority to transit vehicles, provide redlq
time information to highway and transit users, provide new services  e.g. single-ttip
carpooling, and enhance highway and transit safety. The second alternative, INHS(D),
added to NH¥S) by managing demand through pricing mechanisiis for peak use of
The travel data and results of the cost analysis are. presented in Table 2. A comparison of -
total costs which were calculated by the spreadsheet ' suggests that the concentrated (CONC)
aternative has lower total costs than the balanced aiteratiive (BAL). Based on the liberal
use of cost and travel demand assumptions for IVES by the author, the IVHS(S) scenario
could save about $400,000 daily in aggregate mobility costs relative to the concentrated
(CONC) szeria. For the IVHS(D) scenario, the savings would be about $5Vmiiiiion daily.
Public agency costs (for highways and. for public transportation deficits assuming a 40%
farebox recovery rate) would be about $244(000kver daily under IVHS(S) and $3.4 million -
lower daily under MIS(D). ‘As indicated earlier, the cost totals include only those cost
items included in Table 1, and exclude some *mmn-onetizable environmental and social
costs. Many of these costs are primarily ‘related to auto travel. Since the IVHS(D) scenario
involves.. much less auto : travel than the . other scenarios, additional savingsin non- -
monetizable environmenta and social costs may be expected.

Table2 aso |nd|cate£ that while providing mobility currently costs about $5.90pex work trip
(including all cost items listed in Table 1), the *cost per new trip added by 2010 willlbe
significantly higher umder all future alternatives except for IVHS(D). Average’ cost per
added trip amounts to $10.35 under the txalaate® scenario, .$10.08 under the concentrated’
séenariio and $0. Stusdier the IVHS(S) scenario, tit.only $3.00under the IWH(D) scenario.

Note’ & at Teble 2 includes altie item for “ negative costs’. These are the additional user .
benefits for the' BAL,CONC and IVHS(S) aternatives telative to the. IVHS@®) alternative, 1
reflecting primarily the consumer surplus enjoyed by single occupant vehicle (SOV) drivers
who are toiled off by the IVHS(D) alternative.  This consumer surplus is calculated by
multiplying the number of SOV driverstolled off by half .the tolls they would havehadto a
pay. The WHE[D) Lemative is assumed to cause ‘shifts of SOV drivers to othér modes
only, since work trips are not very likely to shift out of the peak, periods during which tolls
apply due to limited flexibility of work start and end times. (Note that there may be some
debate as 46 whether the consumer -sapius |0& es suffered by tolled off SOV drivers have
alteady been accounted for through the higher travel times on the HOV and t& Sit modes
which are included in the “positive” cost totals. The excess travel time costs incurred by

|
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SOW drivers who shift nodes may need to be subtracted if their .consumer surplus losses ate
" included as negative ofts. The spreadsheet has not been set up to do thes® calculations at
this time. )

CONCLUSIONS

This paper has explained the theory in support of a ieast total cost approach to compdre
transportation investment alternatives across modes, and to compare significani changes in
management and land use policies. The approach is based on assessing 3he relative
. economic efficiency of aternatives by ‘determining which aternative involves the |east total
cost for providing access for various travel markets. The approach has been demonstrated
. through application of asimplified analysis technique using a LOTUS 123 spreadsiest,
- Results from the analysis have been presented for demonstration purposes only. The
application of the approach to the cése study suggests that the approach can. be a useful tool
afIOf compaﬁson of multi modal investment, IVHS, management and land use paigy
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TABLE 1 :

EXAMPLE UNIT COSTS

~Cost Compenent .. cost

‘Source
Nftarket-Piieed Costs: | |

Vehicle _

“TOgexdtion 7.4 cenisNMT Ref. 1 (less 1 cent fuel tax)
Ownership $ 3.12/trigp Ref. 1 (less act. insurance)
Parking -~ Downtown $3 .00/trip Ref. (plus land cost)/2 trips

- Other $ 1.00/trip . Ref.ll' (plus land costy2 trips .
Highway . -
Oper. & Maint. - auto 1.8 cents/VMTT Ref2 .
- bus 2.9centd/ VMT : Ref.2, bus/car eqivaiency = 1.6
Added capacity -- auto 62 cemsshdititd VMT Ref.2, Los Angeles Plan data
. -bus 99ceeritisatithetf VMT Ref.2, bus/car egivalency = 1.6

Public Transportation

Bus system - line-haul $330ENmip Ref.3, in current dollars
adeidar $ 1.50/rip Ref.3, divided by 2
Subway system $4 25 ttiip Ref3, in current dollars
Safetv & Security
Public services = auto 1.1 cent/YMIT Ref .4, in current ‘dollars
: & bus 1.1 cent/YMTT Ref4, in current dollars
= rail 0.22 cent/VMTT Ref:4, adj. for accxate in Ref.l
Accident (market) A auto 4.2 cents/VIMIT Ref.7 . l :
-bus 8.4 cenissMMT Ref.7
-Galil | 1.68 cents/VMTT Ref.7 adj. for acczeare Ref. 1
_Costs With No Market Rices
Travel time $450/hour Estimated0

._Environmental

. Air pollution , 24 cenissNMT - Ref4,in current dollars

- Water pollution 0.2 cent!NWMT + Ref12 :
Nage . - - .0,16 ca/VMT - Ref.4, in current Qisdiars :

- Solid/cheanical waste 0.2 cent/VMTT . Ré&f50 ‘1
Oil extraction 1.5 cent/VMTT RefS. ‘

(Sulbiona) 4 M5 centsKVMIT

Accidents (non-market) =~ auto 7.8 cemsAMT Ref.7.

-bus 15.6 cents/VMT Ref.7 ' ,
—Tai , 3.12centsVINIT Ref.7 ‘



TABLE 2

COSTS FOR WEEKDWY PEAK PERIOD WORK TRAVEL'

Peak period data (milliots Per
Trips: SOV trips
Caypewil person trips

- Transit person trips

Total. person trips
.Total vehicle trips

" VMT: Total (inclibms and transit access)

Time: Total (incl. walkaamtl wait time)

Peak period travel costs (didldts per day)

Market costs: ~ Auto ($M)
" Teansit (%M)
,,,,, (SM).

Non-mkt costs: Time ($M)
! Envirommertal (M)
I Accident (pain) ($M)

Total eps:  T&al +vecosts ($M)
: : Negative costs (5M)
Net total costs

Avg. net coét per ‘trip
Itler. cost per added trip

Transp. agency: Total costs (SM)

Irwer. st per acldled trip

£ 1995 .

BASE

1.37438
0.9904
0.45%9

2.8251
1.825

19.329.
@.7967

6.883
2.106

5235
0.382
.1.514

16.600

' 5.876

nean

2010
BAL

119308
1.1433
0.5563

3.6354

12453

25.931

88.4380

13.408
2.560
15.968

6.637
L157
2.031

25.791.

24.987.

6.873
10.349

6.350
53594

2010
CONC

1.8749
1.1751
0.58%

3.6355
2409 .

25.498

89.1946

12.964

2.697
15.662

6.690
1.137
1.997

25.486
0.762,,
24.724

6,300
10.025

64T

5373

2010
IVHS(S)

1.8749
L1751
0.5855

3.6355
2.409

25.498

86.2673

12.956 .
2.696
15.651

6.470
is37
1.831

25050

0.782

24328
6692
9.536
5.927
5.0

2010
IVHS(D)

0.8583
2.0916
0.6855

3.6354
1.809 ,

19,333

91,6289,

6,738
‘3.166
9.904

6.872
0.862
1.392

19.030
0.600
5.235
2.999

-2,761
1.164



E TABLE3
UNIT COST CHANGES FOR IVHS

Cost ] t unit_cost Rationale

Market-Priced Costs;

Vehicle l
Operation 8.4 cents/VMTT ' 1 cent added for veh. gadgetry
Ownership ' $3 21ttip 10 cents added. to veh. cost
Highway .
Oper. & Maim. ~ - auto ) 2.3 calts\MMT 0.5 cent added for oper i
-hus 3.4 GeatdMT . 0.5 cent added for oper I
Added capaeitty—~ auto S6canitdadiiedi VMT 6 cents reduced for efficiency’
- bus 90 Sentéaglitied VMT 9 cents reduced for efficlescy
BAfary & Security |
Accident (market) & auto 3.2 cents/VMT 1 cent reduced for aat. savings
-- bus 6.4camifyV¥(T . . . 1 ,cent reduced for agt. savings.
a7 zail 1.68 cansNMT Nochange .
FIGURE’ 1
FULL COST. AQQQUN‘II‘ING
| TFTRAVEL INPUTS .
Land Use - TDM/PRricihg ’ " Investmant
N R
' — Travel Models |—- |
| o
Ttips | | Travel Miles - Travel Hours
o Parking o Highway capital &opornion o'rlmc;
e Auto-ownership ® Accidents - .
® Transit = . ® Publio services
: - - @ Environmental
| \\ | | 1
g - - FULL COSTS -
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